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PREFACE 
In the mountain forests of the Australian Capital 
Territory, there is a very complex and rapidly changing 
mixture of tree species. The composition of these 
forests varies over small areas within the same 
altitudinal range, but despite the abruptness of many 
of the boundaries, the causative agents are not always 
apparent. The wet sclerophyll forest species 
ii 
Eucalyptus fastigata (D and M) and Ee robertsoni (Blakely), 
typify the sensitive nature of these distribution 
patternso A sensitivity of Eucalypt to site is found 
in many forests in Australia and may have considerable 
importance in the silviculture and management of these 
areas. 
This study represents an essentially exploratory 
investigation of the field conditions and some of the 
factors bearing on the distribution patterns of 
E. fastigata and E. robertsoni. 
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CHAPTER I 
INTRODUCTION 
The genus Eucalyptus has evolved during a long 
period in isolation, on soils generally low in nutrient 
status, and through a period of fluctuating climates 
which imposed environments ranging from the mesic to the 
xerico Both climate and soil have had a markedly 
selective effect on the genus, and numerous species have 
evolved, physiologically adapted to the microhabitats 
available. 
1 .. 0 General 
The most striking feature of the Australian 
vegetation is the domination of the genus Eucalyptus, 
the proliferation of species within this genus, and the 
apparent sensitivity of the species to minor changes in 
habitat. The development of the Australian vegetation 
and the relationship between the species pattern and 
environment are examined in this chapter. 
1.1 Evolutionary Influences on the Australian Flora 
To understand the present distribution of the 
Australian flora, and more especially the genus 
Eucalyptus, it is necessary to examine some of the 
evolutionary pressures present during the development of 
this vegetation. Crocker (1959), Burbidge (1960), and 
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Wood (1959) have discussed some of these influences but 
confess that much of it is surmise because of the paucity 
of fossil evidence. They suggest the early Tertiary 
flora was composed of broad-leaved, mesic species which 
were widely distributed over southern Australia. 
Subsequently the major influences on the Australian 
vegetation resulted from orographic and climatic changes. 
Of these, the orographic changes were of minor importance 
when compared with the significance of the climatic 
changes. The latter were catastrophic in terms of their 
influence on the earlier Pan Australian flora. 
A number of repetitive glacial and interglacial 
periods early in the Pleistocene were followed in the 
Recent by an abrupt phase or phases of aridity. The 
response to these changes was an elimination, migration, 
and restriction of the early mesic flora, and many 
elements were localised in small ecological niches. 
This fragmentation probably isolated species with varying 
evolutionary potentials, and subjected them to varying 
selective pressures. Under these circumstances the 
species relics could be expected to diverge. 
Subsequent expansion from the niches with the 
release of climatic pressure, together with the 
opportunity for recombination and hybridization under 
conditions of low competitive stress could preserve and 
fix these divergences in the flor~o Some evidence for 
this is found in the degree of ecological speciation, the 
number of vicarious pairs and the occurrenc e of relic 
species . 
Wood (1959) stressed however that while the present 
plant communities are young, they are now relatively 
stable and their present distribution in a climatic zone 
is primarily governed by edaphic factorso 
1.2 Evolution in Eucalyptus 
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The present status of Eucalyptus should be examined 
against this background of climatic stress and migration. 
The fossil record for the genus is poor (Wood 1959, 
Pryor 1959) but indicates that the genus was present in 
the Tertiary and became especially widespread from the 
Miocene onwards. The actual time of origin of the genus 
is uncertain but evidence suggests that representatives 
were present well before - any of the previously mentioned 
climatic and orographic disturbances occurred, and it 
appears likely that most of the present sub-genera were 
present before the Miocene. 
The point of origin of the genus remains the 
subject of some debate; Burbidge (1960) for example 
suggests that ancestors in the north of Australia gave 
rise to secondary forms which developed in the south and 
later re-invaded northern areas. The present status of the 
genus is a resultant of development from the fringe of 
survivors remaining around the coast after the destructive 
influences in the Quartenary (Wood 1959; Herbert 1929). 
l.J Ecological Genetic Relationships within Eucalyptus 
As could be expected after such a long period of 
relative isolation, a complex genetical system has 
developed in the genus. Pryor, in a series of papers 
(Pryor 1951, 1953, 1959) has outlined some of this 
structure and mentioned some ecological implications of 
this systemo He found most species within the same sub-
genus (e.g., Renantherae, Macrantherae, Corymbosae, 
Adnata) were capable of inter-breeding, but that species 
from different sub-genera were reproductively isolated. 
Most forest stands contain mixtures of these sub-genera 
and the components remain reproductively independent. 
Pryor (1959) postulates that some species occurring in 
repetitive mixtures might indicate that some form of 
biological advantage is to be gained by the components 
of these mixtureso In view of the poor nutrient status 
of most Australian soils, this could have a nutritional 
basis. 
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The maintenance of the identity of species within a 
sub -genera has primarily an ecological basis (Pryor 1953), 
interbreeding being prevented by a geographic separation 
dependent on precise habitat requirements. Narrow 
ecotones are commonly found between interbreeding species 
but in the absence of disturbance, hybrids are not capable 
of encroaching far into the habitat of either parento 
Following disturbances, hybrid swarms may develop at 
boundaries, increasing the size of the ecotone and 
breaking up the precise separation of the parents. In 
many cases these hybrids are heterotic, at least till 
age 50 years. There is some evidence however that the 
life span may be shorter than those of the parents. It 
-
has been suggested that at least some of what are now 
regarded as species, originated in this fashion following 
fires or other major disturbances in the past (Pryor 
1959). 
Within the geographic range of species there is 
often much variation in morphology and physiologyo 
Barber and Jackson (1957) found clinal variation in the 
degree of glaucousness for E. urnigera on the slopes of 
Mt Wellington in Tasmania. Ashton (1958) discussed 
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variation in frost sensitivity of E. regnans in Victoria, 
and Pryor (1957) examined variation in frost sensitivity, 
growth rates, bark thickness and fruit size in Eo 
pauciflora in the Australian Capital Territory. Often 
the variations are more subtle than those investigated 
by these authors but it is probable that some of the 
present so-called species are in fact only ecotypes of 
the one species. 
1.4 Eucalyptus Distribution and Environmental 
Relationships 
The genus Eucalyptus has apparently a high degree of 
adaptation and specificity to site, small changes in a 
habitat producing significant changes in stand components. 
This contrastswith vegetation patterns in the northern 
hemisphere where an equivalent habitat change might 
result only in a change in the site quality of the 
overstorey species. In these forests, species changes 
more often occur in the understorey layer. 
In spite of its sensitivity to microhabitat, a 
eucalypt may have a wide geographic distribution, 
suggesting that the environmental factors limiting the 
overall distribution of a species are not necessarily 
those limiting distribution to prescribed microhabitats 
within a region. In discussing environmental tolerance 
of different species, Wood (1959) used the term 'wides' 
to describe species with high degrees of tolerance and 
low site specificity. However, the degree of tolerance 
displayed can change within the ecological amplitude of 
a species. Clifford (1953) for example, considered 
E. radiata in the Dandenong Ranges near Melbourne 
(approximately in the centre of the geographic range of 
the species) had a high tolerance of habitat variation. 
On the other hand, Pidgeon (1941) considered E. radiata 
to be a species of very localised distribution in the 
mid-coastal region of N.S.W. (on the northern end of 
its range). 
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In attempting to un~avel the pattern of distribution 
and association of species, earlier workers (Fraser and 
Vickery 1939) when confronted by 1 a bewildering variety 
of forest standsf were able to do little else but 
provide a general classification and suggest that a 
complete understanding of the associations would only 
come after ecological surveys of many more areas were 
complete. They considered that while temperature and 
rainfall were of prime importance in delineating the 
distribution of associations, soil type may exert 
considerable influence on the distribution of species 
within the association. 
In more recent years a number of ecological studies 
have suggested a large number of factors, alone or in 
-
combination, may be significant in delineating the 
distribution of eucalypts and Eucalyptus species. 
Beadle (1954, 1962, 1966) has found soil phosphorous to 
be broadly related to the formation occupying a site; 
the higher the phosphorous level, the more mesic and 
taller the vegetationo The phosphorous level however 
could not be used to explain the distribution of species 
within these formations. Moore (1953, 1959 a, b, 1961) 
also considered the nutrient status to be significant 
within a climatic zone and he suggested that the level 
of exchangeable calcium was one of the factors 
responsible in the separation of the adjacent species, 
E. rossi and E. melliodora. 
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McColl (1965) however investigated a gradient in the 
soil nutrient status in coastal forests in southern 
N .S.W. and was unable to correlate this with the species 
present in the stands, and Biddiscombe (1963) suggested 
that although the soil n~trient level might be important, 
there was a more obvious pattern of general dependence on 
moisture status for a number of inland eucalypts. 
* M.,o,,.e 
Specht and Perry (1948), Holland (1962) and Lange 
(1960) amongst others have also found associations 
between soil moisture and species distribution. The 
soil moisture regime could be affected by topography 
internal drainage, soil depth and texture, but the 
significance of these factors varied with the absolute 
amount of rainfall received at a site. Florence (1964) 
in an examination of the ecology of E. pilularis, found 
one of the most dominant factors to be the soil physical 
environment. The species was limited to the coastal 
strip of eastern Australia with the lowest variability 
and maximum effectiveness of rainfall, but within this 
area the distribution was greatly influenced by soil 
depth and structure. The significance of variations in 
the soil moisture status was not clear. 
Part of the edaphic physical environment was also 
directly due to the nature of the parent material, and 
consistent patterns between species and the underlying 
rocks were evident. Other workers have not always found 
such a striking relationship (Clifford 1953), and Moore 
(1953) considered that as different rocks could produce 
soils similar in texture, pH, and nutrient level; on 
this basis such relationships would be uncommon. 
Fire has been regarded by many as the most 
significant single factor influencing species 
distribution in south eastern Australia (Ashton 1964; 
Gilbert 1959; Cremer 1960; Cunningham 1960; Mount 
1964). Fire aids regeneration by improving light 
conditions and creating suitable seed beds, especially 
for E . regnans, the dominant species in these areas. 
Mount (1964) even postulates a dynamic equilibrium 
between the eucalypts and fire , suggesting that to have 
'evolved the ability to produce and accumulate much fuel 
is a paradox unless the species benefits from the 
accumulation' . Fire is seen by these workers as being 
responsible for preventing the advance of rainforest 
over most of Tasmania, and in fact Cremer (1960) views 
the eucalypts as 'transient fire weeds'. Ellis (1964) 
described a dieback in E. delegatensis associated with a 
litter accumulation, and suggested that a periodic 
reduction of litter by fire would be necessary to 
maintain the vigour of these stands. 
-While not denying the importance of fire in 
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Australian forests, Florence (1965) suggested that the 
demonstration of consistent relationships between the 
vegetation pattern, characteristics of the parent 
material, and edaphical and microhabitat factors indicated 
that fire was not the dominant ecological factor in east 
coast forests. As a superimposed factor, fire could 
affect the selective occurrence of a species adapted to 
a particular habitat, but only within fairly restricted 
limits. 
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Little attention has been paid to the effects of 
competition between species for site occupancy, although 
this can cause a large difference between the potential 
and actual species range. In a glasshouse study, Moore 
(1959) grew E. melliodora and E. rossi in pure and mixed 
stands, and suggested that the presence of interspecific 
competition may influence the community developing on a 
particular soil. McColl _ (1965) performed a similar 
experiment with E. gummifera and E. maculata but found 
the results from his pot trial~ to conflict with the 
field situationo E. gummifera is restricted to poorer 
ridgetop sites in the forest but in competition, in pots, 
grew better than E. maculata on all soil types. 
This brief survey indicates both the subtlety of 
the distribution control for Eucalyptus species and also 
the wide range of factors responsible. In view of the 
number of species and the geographic distribution of the 
genus, this is perhaps to be expected. 
Summary 
CHAPTER 2 
SPECIES PATTERN AND ITS RELATIONSHIP TO 
ENVIRONMENTS 
A study was made of the vegetation pattern and 
environmental factors in E. fastigata and E. robertsoni 
forest. 
Eo fastigata has a more limited distribution than 
E. robertsoni and is apparently more sensitive to the 
site. Topography has a major influence on the species 
distribution pattern, causes considerable microhabitat 
diversification and would modify both the radiation and 
water regimes in the area. Soil physical factors, but 
not the parent material, influence vegetation patterns 
irrespective of topography. 
2.1 Introduction 
Within part of the Brindabella Range there exists a 
mosaic pattern in the distribution of Eo robertsoni and 
10 
Eo fastigata respectively, and the study is concerned with 
relationships in this mosaic. A study of the relationships 
between these two species is particularly relevant as both 
belong to the Renantherae and can interbreed. 
(a) Nomenclature 
The nomenclature of the group of eucalypts, known a s 
th Peppermints, to which E. robertsoni (Blakelyi) belongs , 
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is rather uncertain (Cheel 1943; Cameron 1946; Clifford 
1953). The latter author considered the variation, 
particularly in juvenile leaves, to indicate the possibility 
of several races and that a number of closely related 
southern members of the group could be 'better regarded 
as less than specific rank'. He considered a species 
complex of E. radiata-Eo robertsoni-E. salicifolia to exist. 
In the Brindabella Ranges however, the species found is 
similar to that described by Blakely (1955) as 
E. robertsoni and this terminology will be followed here. 
This is a tall tree with a deep, and sometimes broad 
crown. The leaves are glaucous but oil dots are not as 
plentiful as in E. radiata. 
E. fastigata (Dean and Maiden) is a larger tree 
with a stro nsly branched, broad crown, and large dark 
green leaves. It is generally taller than Eo robertsoni, 
and if the tree co-occur, E. robertsoni is sub-dominant. 
For many years, E. fastigata was regarded as a variety of 
E. regnans (F. Muell.), or as a possible hybrid between 
Eo obliqua (L. Her.) and E. regnans (Ewart 1930), but 
subsequently separate species status was granted. 
(b) Vegetation Communities in the Area 
Except for a few grassland areas, most of the 
original plant cover of the AoCoTo is dominated by 
species of Eucalyptus. These cover a habitat ranging 
from the dry plains in the east, at altitudes generally 
below 2,500 feet, to alpine areas in the south at 
elevations over 5,200 feet and with severe winters. 
Over this habitat gradient are distributed a number of 
plant formations, ranging from Savannah woodland on the 
plains to Sclerophyll forest and Alpine woodlands in the 
mountains (Pryor 1955) (Figure 2.lo) 
The species E. fasti~ta and E. robertsoni occur in 
what Pryor termed the E. fastigata-Eo vimi~lis alliance 
in the wet sclerophyll forest. Similar alliances have 
been described or referred to by Costin (1954), Morland 
(1949), and Byles (1932). In A~C$T. the alliance is 
generally found on the lower slopes of the northern 
ranges at elevations between 2,700 and 3,800 feet, 
growing under mild, humi ~ conditions. Increasing 
altitude results in a change to the Eo gigantea-Eo 
dalrympleana alliance which is more tolerant of the 
cooler conditionso A decrease in altitude and a lower 
moisture regime supports a Eo macrorrhyncha-Eo r~si dry 
sclerophyll forest. Further south the alliance fails at 
similar elevations as bleaker conditions developo 
The structure within the forest varies with aspect, 
but generally the dominants reach heights of up to 140 
feet with butt diameters of five feet. The shrub layers 
are often dominated by species of Acacia but include 
Olearea, Bedfordia, Pomaderris and a tree fern stratum 
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of Dicksonia in moist gullieso A ground cover of Peridium 
and Paa is common throughout the area, though often 
discontinuous. 
Major disturbances to the forBst in the past have 
included fires and some logging operations. The last 
major fire was in 1939 and has particularly affected the 
understorey, most of which is now in an unstable 
condition, and has especially resulted in a reduction of 
Acacia melanoxylon. Otherssuch as Cassinea aculeata, 
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Figure 2 . 1 . The vegetation communities of the A . C . T . 
Acacia dealbata, and Pteridium have increased in number. 
Logging has been discontinued for a number of years but 
has left a number of stands in a degraded condition . 
Where possible these areas have been avoided in the 
present study and most work has been confined to 
relatively undisturbed forest. 
(c) Climate of the Study Area 
Climatic data from two recently established 
meteorological plots in the area has been supplied by 
the Forest Research Institute (Table 2.1). 
Rainfall: Rain is evenly distributed over most of 
13 
year. The annual total increases with altitude, and over 
most of the study area, probably averages about 42 in. 
Long term records from Uriarra Forest, on the tablelands, 
indicate that rainfall in 1966/67 was slightly below 
average. Light snowfalls occasionally occur. 
Temperature: Low temperatures are common over most 
of the year, and frost hollows are present in lower 
valleys where slopes are gentle. Elsewhere slopes are 
steep enough to maintain an air flow sufficient to 
prevent these forming. Large vertical gradients (10-15°F ) 
exist between the ground and screen height (3 ft). Both 
meteorological plots are on a north-easterly aspecto 
While continuous measurements were not taken, periodic 
terrestrial measurements indicated a maximum temperature 
0 difference associated with aspect of about 5 F. 
Radiation: Data taken from Jacobs (1955) has been 
plotted in Figure 2.2 to indicate the relationship betwee n 
N 
s 
Th r ,1a ti onsh ip b<..' tween in 
- Lop ( % ) , and a · p P t at 1 t 
l () 5 =- ) • 
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TABLE 2.1 ~ETEOROLOGICAL JATA 
1966 19G7 
Month J J A s 0 N D J F M A M Total 
-
£lundell's Tri& ( 3400 I ) 
Precipitation (inches) 3. 10 4.99 4.09 5 .83 3.87 8.63 4.54 3.13 0.55 2.39 - 1. 08 4? . .. 0 
Evaporation (inches) 1 • 18 1 .40 2.00 2.85 3.50 6.00 5.83 7.68 6.80 5.37 4.26 2.42 
Tem r erature (F0 ) 
48.6 40.6 46.8 52.3 64.9 ~1 ean max. 57.7 67.7 72.9 74.4 66 .9 61 • 5 56. 7 
:.:ean min. 36.3 32.8 35.0 39.4 43.5 46.9 51. 0 54.7 55.3 49.4 48.4 44.0 
Terrestrial 
:t ean r..in. 25.3 19.3 20.7 2 5. 7 29.5 35.5 37.4 35.9 39.0 30.4 27.2 19.9 
Blu11dell's Creek ( 2800 I ) 
Precipitation (inches) 2.74 5. 18 4. 57 6.61 4.23 7. 14 4.41 3.29 0.29 2.84 - 1 • 45 42.75 
Evaporation (inches) 0.75 0.90 1. 25 2.40 3.20 4.85 4.90 5.75 5.68 4.42 2.75 1 • 35 
I 
Temperature (F0 ) 
:dea.n max. 49.5 47.0 49.4 54 .1 60.4 66. 1 69.0 74.1 76.2 69.0 65.4 57.6 
Mean min. 29.0 28.3 30.1 34.2 39.0 43.4 47.6 49.0 49.0 45.6 40.0 32.5 
Terrestrial 
r&elill win. 19.7 14.8 14.8 17.5 27.2 28.4 31.2 32.3 30.6 26.4 23.0 14.0 
Uriarra 
C 1900' ) 
Precipitation 1.72 1.87 2.52 4.10 3.12 5.68 4.32 3.17 0.30 2.04 0.20 0.89 30.53 
1966/67 
Avera,e (1927-1966) 2. 51 2.79 2.84 2.42 3.40 2.85 2.47 2.41 2.38 2.79 2.42 2.39 31 .67 
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slope, aspect, and incident radiationo These data 
represent annual means and some seasonal variation 
occurs but it is evident that northerly aspects with 
slopes of 10°-Jo0 have the most severe radiation climateo 
(d) Other Environmental Factors 
The Brindabella Ranges are deeply dissected, with 
small spurs running east from the main north-south range, 
and steep slopes are common. This combination presents 
a wide range of aspects and exposures and has a strong 
influence on the composition of the forest. 
Most of the soils ±n the area between 2,000 feet 
and 4,500 feet are relatively immature, due to the 
topography and are categorized by deep, well drained, 
loamy profiles with diffuse vertical differentiation. 
Soil depths are variable and reach a minimum on spurs 
and ridgetops where a lithosolic soil type is commonly 
found. These soils have negligible profile 
differentiation, and high stone contents, presenting a 
very dry microhabitat for vegetation. Along creeks and 
in areas of high water table, gleyed soils with grey to 
black organic-rich surface soils overlying mottled sub-
soils are common. 
The predominant rock types over most of the study 
area are Ordovician meta-morphose~ sediments. (Type 
Ors. on Bureau of Mineral Resources Map Sl 55-16, 2nd 
ed. 1964). These have a dip of 60° west and are all 
deeply fractured. Further south, areas of granodiorite 
occur, and the change to a more easily weathered parent 
material is reflected by gentler slopes and broader 
valleys. Though broadly uniform, the meta-sediments 
display a range in the degree of metamorphism that has 
taken place. Thus parent materials range from slightly 
metamorphosed siltstones through to quartzite and 
phyllites. 
2.2 Vegetation Pattern within the Study Area 
16 
In the E. fastigata-E. viminalis alliance, the 
distribution of component species is essentially 
fragmentary within the altitudinal range of the allianceo 
The areas occupied by individual species range in size 
but are generally limited to a few acres. 
species occur in pure st~nds. 
Only rarely do 
Boundaries between species are generally quite sharp, 
conforming to Pryor 1 s (1953) thesis that interbreeding 
species are ecologically separatedo 
however, the boundaries are blurred. 
In some cases, 
This might have 
resulted from a disturbance of the ecological balance in 
the recent past, or alternatively, mixtures of the two 
species may occur on sites intermediate in character 
between those giving rise to the distinctive communities. 
In these areas it is possible to find trees that appear 
to have characters intermediate between those of either 
parent. 
This fragmentary composition and lack of uniformity 
of the forest over areas of any s~ze complicates any 
examination of relationships between environment and the 
plant community. In North America, a number of workers 
(Bray and Curtis 1957; Waring and Major 1964; Loucks 
1962) have examined these relationships by extensive 
sampling of the communities over the environmental range. 
This approach was not considered feasible for the 
present study in view of the more complex structure of 
the forest and variable environment in which each plant 
develops. As an alternative, a more subjective approach 
has been used and the habitat and forest examined in 
parts of the mosaic dominated by E. fastigata and Eo 
robertsoni respectively. A vegetation survey was made 
of a number of representative sites to examine the 
composition of these stands. A description of these 
sites is included in Table 2.2. 
Method 
The survey was carried out using the random pairs 
technique of Cottam and Curtis (1949), and the 
significance of the component species in a stand 
assessed using the Importance Value of Lindsay (1956) 
which integrates (i) dominance of cover (as basal area) 
(ii) density (iii) frequency of occurrence through the 
community. The Importance Values for all the species 
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in a stand total 100 and the significance of a species 
can be judged by its contribution to this totalo A 
species occurring in a pure stand has an Importance value 
of 100. The understorey vegetation was also measured and 
individual species allotted a frequency value according 
to the number of plots in which they were present. 
Details of the technique used are -given in Appendix 1. 
Results 
(a) Over storey 
Only a limited numb e r of stands were sampled and 
this restricts the conclusions which may be drawn from 
TABLE 2.2 SAMPLING SITES 
Site A C F B 
Dominant F F F R Species 
Aspect 180° 90° 70° 350° 
Slope% 20 40 JO J6 
Topographic lower mid lower upper 
position slope slope slope slope 
Drainage Good Good Good Good 
Stony dense stony 
-
Other soil under- soil 
storey 
F = Eo fastigata 
R = Eo robertsoni 
E 
R 
50° 
15 
lower 
slope 
fair 
-
D 
R 
135° 
60 
mid 
slope 
-
good 
shallow 
soil 
T 
R 
125° 
25 
lower 
slope 
fair 
1--' 
CJ:) 
the survey. However, it is evident that although 
E. fastigata and E. robertsoni both belong to the same 
sub-genus and are inter-fertile, some co-occurrence does 
occur (Table 2.3). 
TABLE 2.3 IMPORTANCE VALUES FOR STAND COMPONENTS 
Dominant species 
E. fastigata E. robertsoni 
Site A C F B E 
E. fastigata 85 78 39 
E. viminalis 42 19 
E. dalrympleana 7 14 
E. maculosa 25 
E. dives 35 
Ea robertsoni 7 8 18 40 81 
In most stands dominated by E. fastigata, E. 
robertsoni appears to be present only to a minor extent 
and generally as a sub-dominant. In stands dominated by 
E. robertsoni, E. fastiRata is rarely present. From the 
stand sampling data, stocking, total stem basal area and 
average distance between trees have been calculated 
(Table 2.4). Stands C and E represent the most mature 
development of communities dominated by E. fastigata and 
E. robertsoni respectively. Stands dominated by E. 
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fastigata in the study area have fewer stems/acre, and a 
greater mean tree size than in E. robertsoni dominated 
stands. This may reflect a greater demand on the site 
by individual E. fastigata and a higher level of 
competition between individuals in an E. fastigata stand. 
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TABLE 2.4 STAND STRUCTURE 
Dom~nant Species 
E. fastigata E. robertsoni 
Site A C F B E 
Spacing 40' 47e J4 Jl.5" 35. 5' 
Stems/acre 27 20 JS 44 35 
Mean basc\L area 4.25 4.60 2.,50 1.80 J.20 (sq. ft) 
Total basal 
area/ac. 173 92 95 79 112 
(sq. ft) 
(b) Understorey 
The frequency of occurrence of understorey species 
within both communities and in stands with E., fastigata 
and E. robertsoni in mixture is presented in Table 2.50 
Some correlation is apparent between the Importance Value 
of the dominant eucalypt and the understorey specieso 
An increase in the Importance Value of E. fastigata was 
accompanied by an increase in the frequency of Acacia 
dealbata and Pomaderris apetalao Similarly, but in the 
reverse direction, an increase in the Importance Value 
of E . robertsoni accompanied an increase in the frequency 
of Cassinea acculeata and A. rubida. Pteridium aquilinum 
was found over most of the area, irrespective of dominant 
eucalypts. 
In spite of this apparent correlation between the 
dominant eucalypt and species in the higher frequency 
levels in Table2.5,the main understorey components vary 
widely in communities dominated by E. fastigata and 
~ 
TABLE 2.5 
Imp. Value 
Frequency 
75% 
50-75% 
25-75% 
<2 5% 
UNDERSTOREY COMPOSITION UNDER DIFFERENT STANDS 
78-85 40-81 
E. fastigata 
Pteridium aquilinum 
Acacia dealbata 
Pomaderris apetalata 
Bedfordia salicina 
Polystichum proliferum 
Lomatia longifolia 
Acacia melanoxylon 
Acacia dealbata 
Adacia falciformis 
Coprosma billardiera 
Cassinea acculeata 
Mixed 
Pteridium 
aquilinum 
Acacia dealbata 
Cassinea 
acculeata 
Acacia 
falciformis 
Olearia lirata 
Acacia rubida 
Pomadermis 
apetala 
Coprosma 
billardiera 
E. robertsoni 
Pteridium aquilinum 
Acacia rubida 
Indigofera australis 
Cassinea acculeata 
Hibbertia spp. 
Acacea dealbata 
Acacea falciformis 
Coprosma billardiera 
Olearia lirata 
Polystichum proliferum 
Olearia lirata 
Basia unlaccina 
Cassinea longifolia 
Cassinea acculeata 
Lomatia longifolia 
Acacia falciformis 
Frequency of occurrence is percentage of total number of plots in 
which a species was present. 
I\) 
I-' 
Eo robertsoni. Nevertheless, wider field observations 
suggest that some of the species more commonly reached 
higher frequency levels in one community than anothero 
Past disturbances, primarily fire, have also 
affected the composition and distribution of the 
understorey. Fire has reduced the presence of Acacia 
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melanoxylon and increased the distribution of A. dealbata 
and Cassinea acculeata (Pryor 1957). No doubt other 
species have been similarly influenced. Considering the 
fire history of most Australian forests, a constantly 
varying understorey is probably not uncommon. 
Ashton (1956) and Meakins (1967) have analysed the 
nutrient levels of a number of these wet sclerophyll 
forest understorey species and these data are included 
in Appendix 2. Many species were found to be capable of 
accumulating high levels of certain elements in their 
leaves, which when deposited as litter, could significantly 
enrich the surface soils. Ashton (1956) found that the 
C/N ratio of the litter of these species was lower than 
that of the eucalypts, indicating a potential for a more 
rapid breakdown and nutrient release. Meakins (1967) 
noted an apparent increase in the foliar nutrient level 
in several eucalypts growing above dense understorey 
layers. 
It seems probable from this evidence that the 
understorey has a beneficial effect on the nutritional 
status of the establishment dominants. It may also have 
an adverse effect however, on eucalypt regeneration 
through root competition (Ashton 1956), and this shall 
be discussed further subsequently. 
2.J Relationships between Species Distribution and 
Environment 
(a) Geology 
An examination was made to determine whether a 
relationship existed between variations in the parent 
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material and the vegetation mosaic. Field investigations 
found no evidence suggesting such a relationship. 
Gradients of increasing metamorphism, from s iltstone to 
phyllites, and more abrupt changes from sedimentary 
derived parent material to granites occur without 
noticeable effect on the forest community. No broad 
general association was eyident between the underlying 
rock and species distribution. 
A number of sections of representative rock types 
were cut and examined microscopically in the Department 
of Geology. These revealed variations in grain size, 
shape, degree of recrystallization and in the proportion 
of quartz (Table 2.6)0 The differences were not 
consistently associated with the vegetation although such 
variations may indirectly influence rates of weathering 
and the physical properties of derived soils~ 
(b) Topography 
Field observations suggested that a relationship 
existed between species and topography. 
In Figure 2.J the predominant Eucalyptus species 
on some of the major slopes in the area have been 
plotted against aspect and degree of slopeo This 
indicates that while both species are found on all 
aspects, there is a pattern of distribution with respect 
• 
• • 
• • 
w E 
0 
• 30 % 40·. 50 % 60·~ 
Species 
[.fastigata 0 
E.robertsoni • 
Figure 2 . J . The relationship between slope(%), aspect and 
Lhe di.stributj ~-1 of'£. fa.stigata a nd £. robert.soni . , 
TABLE 2.6 
Sample 
No. 
1 
2 
J 
4 
5 
6 
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VEGETATION AND PARENT MATERIAL 
Dominant 
Eucalypt 
E. robertsoni 
E. robertsoni 
E. robertsoni 
E. fastigata 
E. fastigata 
E. fastigata 
Parent Material 
Metamorphosed igneous rock. 
Quartz JO% - variable in size 
from large phenocrysts down 
to smaller groundmass. 
Crystals angular in shape. 
Chlorite and sericite makes 
up most of the groundmass 
Metamorphosed siltstone. 
Quartz 25% - medium size 
grains, rounded shape. Some 
chlorite and sericite 
present. Lower degree of 
recrystallization than in 
Sample 1. 
Metamorphosed siltstone. 
Quartz - very low mostly in 
occasional veins - mostly 
composed of clay minerals 
Slate. A little fine grained 
quartz - otherwise almost 
entirely composed of the clay 
minerals chlorite and 
sericite. 
Metamorphosed siltstone. 
Quartz 25% medium size, 
rounded grainso Some 
felspar and clay minerals, 
tourmaline and muscovite. 
Granite. Quartz 20% with 
felspar (sericitized) 
plagioclase, sericite and 
chlorit e . Is slightly 
recrystallize~ probably 
after some tectonic stress. 
to both aspect and slope. E. fastigata has a more 
restricted distribution, being limited to sheltered 
aspects, or gentle slopes on more northerly aspectso 
Eo robertsoni is found on all slopes and aspects, and 
appears to be uninfluenced by either. 
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Species occurrence is also affected by topography 
through the effect topography has on rainfall runoff and 
soil moisture drainage. Thus on dry upper slopes and 
ridges, Eo dives grades into Eo robertsoni ) and E. 
fastigata generally becomes dominant on the midslope 
position. On exposed aspects, E. robertsoni may continue 
down into the gulleys. On the lower slopes along creeks, 
both grade into E. viminalis. 
(c) Soil 
Although there is not a direct association between 
the parent material and species distribution, the soils 
derived from these rock types may have a considerable 
influence on the vegetation patterno The influence of 
the parent material depends largely on relative effects 
of the soil forming factors. Thus different soils can be 
developed from one parent material under one set of 
conditions, while different parent materials may produce 
a similar soil under another. 
A number of soil profiles were examined throughout 
the area to determine the amount of variation in the 
edaphic environment and the degree to which this appeared 
to influence the vegetation mosaic. More quantitative 
investigations were made at the same representative areas 
described in Table 2.20 
(i) Soil Profile Characteristics 
Surface cover 
Surface cover, whether as close clumps of Snow 
grass (Poa) or twig and leaf litter, is variable in a 
random fashion over the area. In many places some 
surface disturbances have occurred, presumably due to 
Lyre birdso The litter or grass cover intercepts an 
appreciable amount of the precipitation, especially 
during the summer months, and may be a quite significant 
factor in the hydrological cycle during dry seasons. 
Soil profile 
Most soil profiles below the litter layer contain 
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a dark brown Al horizon of variable depth grading into a 
deep red B horizono A weakly developed A2 horizon is 
sometimes apparent, indicating the podzolic nature of the 
soil. At depths of three feet or more, most profiles 
grade into yellowish red zones of semi-decomposed parent 
material. Textures vary from silty loams to clay loams, 
most soils showing some increase in clay content with 
depth. Stone fragments were common through nearly all 
the profiles examined, though actual amounts vary 
considerably. On some slopes, surface stone layers have 
been left after erosion. 
Most soils in the A horizon had spheriodal, crumb, 
or nut structure; but with depth, soils supporting 
E. fastigata were composed of blocky, sub angular peds, 
while E. robertsoni soils exhibited a more angular blocky 
structure. The former soils were generally looser in 
consistence as well, suggesting that the physical edaphic 
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environment under E. fastigata is rather more favourable 
for root growth. Some representative profile descriptions 
are presented in Table 2o7o 
TABLE 2o7 SOIL PROFILES 
Typical soil profiles from soil beneath. 
E. fastigata and Eo robertsoni 
(i) Eo fastigata 
Aoo Patchy litter accumulation between tufts 
of Paa. 
A 0-lin lOyr 2/2 moist. - Very loose and friable 
silty clay loam; mull humus 
1-Sin lOyr 3/Jm - Loam - clay loam. medium size 1 
porou~ spheroidal crumbs; moderate 
aggregation; friable consistency 
B 8-14in 
14-42in 
5yr J/4mo Diffuse boundary zone 
Silty loam, changing with depth to a silty 
clay; structure becoming blocky sub 
angular; medium - coarse size aggregates; 
loose and friable consistence, becoming 
stiffer with depth 
42in+ 7o5yr 6/Sm - silty clay interspersed with 
pieces of well decomposed meta-siltstone 
Site of profile 
Topography - east slope of a north south ridge; mid 
slope position. Slope 40% Aspect 90~ 
Drainage - good ~ 
Stoniness - low , 
Understorey vegetation - Pomaderris, Paa . 
(ii) E. robertsoni 
Aoo 
Al 0-4in 
Variable thickness of leaf litter with 
scattered tufts of Paa 
lOyr J/2 moist. Silty loam with many 
small stone fragments. Spheroidal crumb 
B 4~-22in 
structure. Moderately aggregated with 
medium size aggregates. Consistency 
tending towards firm. Abrupt change into 
B. 
5yr J/4 m - silty clay loam. Structure 
blocky angular; strongly aggregated; firm 
consistency. Medium stone content 
generally l~" diameter or less. 
22-J6in 5yr 4/Sm - silty clay loam - similar 
structure to above but more compact~d. 
High stone content. 
(ii) 
J8in+ Zone of weathered parent material 
(metamorphosed siltstone)o Drainage and 
aeration poor. 
Site of profile 
Topography - lower end of a spur; slope 15%, 
0 tending to be convex, Aspect 50~ 
Drainage 
Stoniness 
good in upper soil, fair at depth~ 
- high at depth~ 
Understorey vegetation - Acacia rubida, Paa . 
Particle Size Distribution 
The range of particular sizes, which together give 
a soil its textural properties, have been correlated by 
a number of workers, e.g., Coile (1952); with a plant 
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distribution and site quality. Soil texture may influence 
plant growth by affecting aeration, the water movement 
and retention characteristicsj as well as influencing the 
mechanical resistance of the soil to root penetration. 
An average of about ten samples were collected from 
within an area of two chains square on each sampling 
site, bulked, and sub-sampled to produce samples for 
analysiso Analyses for particle size were carried out 
using the method of Bouyoucos (1962), but with time 
intervals of five minutes and five hours for the silt+ 
clay and clay fractions, as these were found to 
correspond more nearly with the settling rates of these 
particle sizeso The results are shown in Figure 2.4 
and Table 208. 
There was not a marked difference between the soils 
under either species although the E. fastigata soil 
tended to have lower proportions of the clay and silt 
and clay fractions at depths of one and two feet. 
This could reflect a slightly better physical edaphic 
environment than occurs in the Eo robertsoni soilso 
As a measure of the soil material greater than 2mm 
diameter (stone fragments etc.) a one foot square grid 
(Figure 2.5) of a hundred points was placed against the 
wall of a pit and the number of stone intercepts made 
by pushing a dissecting needle into the profile at each 
point were counted. Three grid positions at each level 
in a pit were measured and the ratio of intercepts to 
total grid points was expressed as a percentage. 
results are included in Table 2.80 
These 
There was no correlation between stone contents and 
vegetation, but because of the potential beneficial 
effect of stone fragments in aiding infiltration of 
rainfall an~ drainage, it is possible that high stone 
contents may have improved some Eo fastigata sites which 
were otherwise marginal. 
a later sectiono 
This is discussed furth e r in 
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TABLE 2.8 
Sand 
Silt 
Clay 
1ft 
2ft 
3ft 
1ft 
2ft 
3ft 
1ft 
2ft 
3ft 
Site A 
45o0 
41.6 
44.6 
31.2 
3408 
28.6 
23.8 
2306 
26.8 
PARTICLE SIZE DISTRIBUTION 
(percentage of soil material <2mm) 
E. fastigata E. robertsoni 
Site C 
48.8 
41.0 
3108 
34.o 
3lo4 
19o9 
17.2 
27.6 
48.2 
Site F 
46.4 
44 0 2 
4o.8 
32o0 
28.2 
21.6 
21.6 
27.6 
37.6 
Site B 
48.8 
38.0 
38.4 
25.6 
25.0 
2400 
2506 
37.0 
37.6 
Site D 
4lo4 
Parent 
Rock 
33o2 
Pa~ent 
Rock 
25.4 
Parent 
Rock 
Site E 
4o.o 
39o2 
4008 
3406 
2708 
30.2 
25.4 
33o0 
29.0 
N.B. lo Fractions in International size classes. 
Depth 
1ft 
2ft 
3ft 
2. Analysis using Bouyoucos hydrometer method (1962). 
A 
41 
67 
74 
STONE CONTENT 
(percentage of total soil material) 
E. fastigata 
C 
11.3 
7 
10o3 
F 
39.3 
43 
54 
B 
10.5 
16.5 
23o0 
E. robertsoni 
D 
32.3 
47 
Site T 
36oO 
32.3 
38.6 
32o4 
28.4 
27.8 
31.6 
39.4 
33.6 
E 
19.6 
2906 
52.3 
w 
0 
Figure 2.5. 
needle. 
Stone sampling grid and 
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(iii) Bulk Density 
The bulk density or apparent density of a soil is 
influenced by both texture and structure. In soils which 
are inherently similar, low bulk densities indicate a 
relatively porous condition, while a high bulk density 
indicates a greater compactness and generally more adverse 
conditions for plant growth. 
Soil bulk density was sampled using a 100cc. steel 
core, a minimum of three samples being taken from 
within an area of one square chain at each depth. At 
several sites~ high stone contents prevented the use of 
the corer and an alternative method using sand with a 
known volume weight characteristic was used (McClintock 
1959). This tsand methodr is described in Appendix J. 
Most soils contain variable amounts of stone 
fragments and in order to standardise all measurements 
on stone free soil, these fragments were sieved out of 
the soil material. The adjusted bulk density was computed 
using the formula belowo 
Bc,D. adj. = 
Vol. of stone 
Wt. soil +stone - Wt. of stone 
Vol.soil +stone - Vol.of stone 
Wt. stone ..A.. 
= Specific Gravity of stone 
Wt.- stone 
2o65 
Although the stone fraction is an important 
component of the soil, comparisons of soil as reservoirs 
of water and media for root extension are better made on 
stone free soil. 
Mean bulk densities for stone free soils beneath 
E. fastigata and E. robertsoni are shown in Table 2.9. 
Bulk density of soils at different sites, corrected and 
uncorrected for stone are given in Appendix 4. 
TABLE 2.9 
Depth 
Surface 
1ft 
2ft 
Jft 
SOIL BULK DENSITIES (gmo/cc) 
Community 
E. fastigata E. robertsoni 
(Mean for J sites) (Mean for J sites) 
o.so + 0.09 -
1.08 + o.o4 
-
lol6 + 0.05 -
1.21 + O.OJ -
NS - not significant 
* p = 0.050 
loOO + O.OJ 
-
1.26 + o.o4 
-
1.38 + 0.02 
-
loJ8 + 0.05 -
Diff. 
NS 
* 
* 
* 
Below the more homogenous surface soils, the bulk 
density values in each habitat were significantly 
different, E. robertsoni soils being higher than 
E. fastigata soilso This confirms the quantatively 
observed structural differences mentioned e~rliero 
(iv) Pore size 
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The porosity and pore size distribution is directly 
responsible for many of the gas and water transmission 
characteristics of a soil (Baver 1956). Thus a soil with 
a large volume of small pores may be poorly aerated but 
have a high field capacityo A high proportion of larger 
sizes however may increase the infiltration and aeration 
qualities of the soil while lowering its water holding 
capacity. 
The total porosity to the different soil horizons 
was determined using the formula below. 
Porosity(%) = 100 rsG - BD) SSG ) 
SSG = Soil specific 
gravity (=2.65) 
ED= Bulk density 
The relative proportions of smaller pores at the 
different sites was calculated by defining micropores 
as being all pores filled with water when the soil was 
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at field capacityo (Thus macropores = ~ - micropores). 
These porosities are presented in Table 2.lOo 
The size class distribution of the large pores was 
determined using the method outlined by &la~k et. al. 
(1965)0 Samples from an Eo fastigata and an E. robertsoni 
site (one foot depth) were collected in 100cc cores, 
placed on a sintered glass filter (Figure 2. 6 ) and 
saturated overnight. The relative size distribution was 
calculated by recording the volume of water withdrawn as 
successively greater tensions were applied to the sampleo 
This size distribution is shown in Figure 2o7• 
The differences between species habitats were not 
significant but E. fastigata sites tended to have greater 
-
total porosities at all depths and larger volumes of 
macros pores at the one foot and two foot depthso This 
difference was also repeated in the size distribution of 
the larger pore sizeso Both soils had a similar proportion 
of the very largest, most easily drained pores, but 
Eo fastigata soils had a greater overall volume of the 
larger pore sizeso The total porosities of some 
E. fastigata soils could be expected to be even greater 
at some sites due to the higher stone contents. Although 
both soils had similar proportions of micropores, when 
macro and micro porosities were expressed as a ratio, 
the E. fastigata sites again appeared to be more 
favourable than E. robe·rtsoni in the upper horizons. 
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TABLE 2 .10 POROSITY 
Expressed as percentage of total, stone free soil volume 
(a) Total porosity 
Community 
Eo fastigata E. robertsoni 
Depth A C F B D E 
1ft 60 58 58 55 61 54 
2ft 6J 52 52 49 45 
Jft 52 SJ 52 47 45 
(b) Macro pores 
A C F B D E 
1ft Jl 32 JO 26 JO 21 
2ft JO 22 18 13 10 
Jft 10 19 9 12 15 
( C) Micropores 
A C F B D E 
1ft 29 26 28 29 Jl JJ 
2ft JJ JO J4 J6 Jl 
Jft 42 J4 4J JS JO 
(ct) Pore size ratio (Macroporosityl (Microporosity 
A C F B D E 
1ft 1.07 1.23 1.07 0.90 0.97 o.64 
2ft 0.91 0.73 0.53 o.so 0.29 
Jft 0.24 0 .. 56 Oo21 OcJ4 OoSO 
(v) Water storage capacity 
The water storage capacity of a soil is generally 
accepted as the volume of water held between the tension 
limits of field capacity (100 ems) and permanent wilting 
points (15 atmospheres). Within this range, water 
J4 
becomes decreasingly available to the plant (stanhill 1957), 
and a high water storage capacity generally indicates a 
more favourable water regime for plant growth. 
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Moisture levels at lOOcms and 15 atmospheres tension 
were determined using standard methods (Slatyer and 
Mcilroy 1961)0 Three undisturbed soil blocks from each 
depth at each site, and sub-samples from the previously 
collected bulk samples were used for field capacity and 
15 atmosphere tension respectively. The storage capacity 
of the soil was expressed as a per cent by volume after 
multiplying the difference between these two levels by 
the bulk density, and correcting for the stone volume at 
each horizon. The results are shown in Table 2oll. 
The field capacity of the deeper horizons at the 
E. fastigata sites was gene~ally larger than the 
E. robertsoni sites, but this difference was not apparent 
in the 15 atmosphere tension level, or in the water 
storage capacities of the different sites. In fact the 
upper soil horizon of the E. robertsoni tended to have a 
greater storage capacity than the E. fastigata sites. 
(vi) Nutrient level 
Most of the soils:in the study area are derived from 
broadly similar parent materials, and as such could be 
expected to have a relatively uniform nutrient status. 
As an indication of the variation in the general nutrient 
level, soils collected from a number of habitats were 
analysed for total available phosphorous. 
Ten samples were collected from within an area 
two chains square, bulked and sub-sampled. These were 
analysed for total available phosphorous using the method 
described by Gavell (1955). The results are presented in 
Table 2.120 
• 
TABLE 2.11 SOIL WATER STORAGE CHARACTERISTICS 
(a) Field Capacity lOOcms 
Percentage weight 
Depth 
1ft 
2ft 
3ft 
(b) 
1ft 
2ft 
3ft 
( C) 
1ft 
2ft 
3ft 
Total 
E. fastigata 
A 
28.0 
34o3 
34.1 
C 
24.o 
24.1 
27.6 
Wiltin Point 15 atm.l 
Percentage weight) 
A C F 
17.7 
14.8 
12.5 
13.7 
13.9 
20.9 
10.5 
14.5 
18.2 
Water Storage Capacity 
(Percentage by volume) 
A C 
6.4 9.9 
(10.8) (11.2) 
6.3 
(19.1) 
7.0 
(27.0) 
12.0 
(12o9) 
7.9 
(8.8) 
F 
9.6 
(15.8) 
7.3 
(16.0) 
9.1 
(19.4) 
26.0 
Site 
E. robertsoni 
B 
23.6 
26.7 
25.4 
B 
12 0 2 
(13.6) 
13o4 
(16.0) 
12,,l 
(15.7) 
E 
26.9 
24.1 
22.6 
E 
14.9 
16.0 
12ol 
E 
11.7 
(14o5) 
802 
(11 .. 7) 
6.6 
(13.9) 
26.5 
D 
29.5 
12.7 
Figures in brackets uncorrected for total soil stone 
content 
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TABLE 2.12 TOTAL AVAILABLE PHOSPHOROUS (ppm) 
Site 
E. fastigata Eo robertsoni 
Depth 1 2 3 4 5 6 
Jin 1377 747 665 868 1120 706 
1ft 887 400 498 582 552 392 
2ft 591 506 398 529 543 647 
3ft 635 642 561 526 567 699 
Although some variation occurs in the surface soil) 
the level of phosphorous at the other depths is relatively 
uniform and there is no marked difference between soils 
under Eo fastigata or E. robertsonio 
2o4 Discussion 
The distribution of a species is determined by the 
combined influence of many factors, the influence of which 
vary with season and plant ontogeny, and a plant will 
develop only when all these factors are within its 
tolerance range during the critical stages of development. 
It is however, the relative response which ultimately 
determines the distribution of a species. Waring and 
Major (1964) list three reasons for the non-occupancy of 
a site - (i) insufficient time for migration, (ii) 
physiological barriers or (iii) the occupancy of the site 
by a physiologically better adapted species. Due to one 
or several of the above, there is often a considerable 
margin between actual and potential distribution. At the 
extremities of range> small variations in the effective 
limiting agents can have relatively large effects on 
distribution patternso 
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In the study area, it is reasonable to assume that 
the pattern of community distribution, and more particularly 
the mosaic within the overall distribution is such that 
the first factor is non-operative. Changes occur over 
such small areas that it is unlikely that a migration 
barrier is presento The distribution is such however, 
that either or both of the other two conditions may be 
applicable. 
The influence of climate and topography on species 
distribution are closely related. Besides a general 
vegetational zonation with altitude, variations in aspect 
and topography induce significant modifications in the 
microclimatic pattern in the study area. There is a 
temperature gradient with altitude which is modified by 
aspect. Both species appear equally tolerant of frost 
hollows but a relationship appears to exist between 
species distribution (Figure 2.2) and the level of 
incident radiation as modified by topography (Figure 2ol). 
Eo fastigata is generally excluded from areas with high 
radiation levels, though still occupying some sites on 
northerly aspects, and E. robertsoni appears unaffected 
by the higher radiation levels but is less extensively 
distributed on the southerly aspects. 
A high radiation climate can influence species 
distribution by adversely modifying the water balance 
while maintaining adequate light and perhaps temperature 
conditions for growtho On sheltered aspects the reverse 
conditions apply and light and temperature may be 
marginal for growth, especially in the early establishment 
of a plant while later growth is favoured- by the improved 
moisture regime (Jacobs 1955). 
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Cameron (1964) found when growing E. fastigata under 
strong light conditions, that deaths occurred over a period 
of several weeks, and he concluded that water stress was 
perhaps not the responsible factor, instead 'light 
intensity may have a rather more direct effect'. Species 
having a glaucous waxy leaf cover reflect more of the 
incident radiation and Barber and Jackson (1957) found 
these to occupy the more exposed environments. Blakely 
(1955) refers to E. robertsoni leaves as having a 
'glaucous hue' and it is possible that this may assist 
the species to grow on the northerly slopes with high 
incident radiation levels. 
Rainfall is equally distributed over all seasons and 
is uniformly incident over the area. A significant 
alteration and redistribution probably occurs however due 
to topography. High evapotranspiration levels are likely 
to remove much of the surface soil moisture present on 
exposed aspects. As much of the rainfall received in 
these months falls during light summer storms, unless it 
is quickly absorbed to depth by the soil, it is likely to 
be unavailable to the vegetation. When E. fastigata 
occurs on northern slopes, the moisture regime appears 
to be supplemented by drainage from surrounding area. 
On sheltered aspects E. fastigata may be absent from 
shallow ridges and steeper, shallow soils generally. 
However, the distribution of the ~species cannot be 
correlated with adverse aspects and shallow soils alone 
as E. robertsoni can be found on southerly aspects with 
deep soils and moderate slopes. 
Geology does not appear to influence species 
distribution. In young soils the direct effect of the 
parent material may often contribute more than the 
4o 
weathering processes to the soil. The parent material in 
the study area is sufficiently uniform however for it to 
have little direct influenceo In contrast, the soil 
studies suggest a causal association between the physical 
edaphic environment and vegetation. Poorer soil structure 
and significantly higher bulk densities were found in 
E. robertsoni soils on favourable aspects. Clay, and silt 
plus clay fractions were higher in several horizons in 
E. robertsoni soils, and while this may have beneficial 
effects on the water charact~ristics, it may also lead 
to poorer aeration when the soils are moist (Black 1957). 
Evidence from the vegetational survey indicated that 
E. fastigata is more demanding of a site than E. robertsoni, 
and if root development at depth is restricted by poor 
physical edaptive environment, E. robertsoni may be the 
better adapted species to these conditions. 
From the limited number of sites examined in detail 
there was no difference in the moisture retaining 
characteristics of the soils beneath Ea fastigata or 
E. robertsoni. A trend did exist in the water storage 
capacity of the surface soils favouring Eo robertsoni 
sites, but where the total profile storage capacity was 
low, due to shallow soils on a sheltered aspect site, 
E. fastigata was replaced by E. robertsoni. 
E. fastigata sites were generally favoured by high 
macropore volumes and were further improved in some 
cases, by high stone contents. These sites are probably 
able to quickly absorb most of the light summer rainfalls 
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and replenish moisture reserves during the periods of high 
stresso Epstein et. alo (1966) found that high stone 
contents had an additional beneficial function in 
preventing the structural disintegration of surface soils 
due to raindrops. 
Species within forest stands have different effects 
on soil properties and on the cycling of nutrients. There 
may be a relationship between the frequency distribution 
of some understorey species and the dominant Eucalypts, 
and hence between the respective communities, and 
nutrient pools created by the understorey species. 
Foliar analysis by Meakins (1967) of Eo fastigata and 
E. robertsoni suggested lh~t the nutrient requirements of 
both species were similar and th~t the patchwork of soil 
enrichment was unlikely to directly favour the 
development of one species over anothero Several of the 
understorey species however are calcium accumulators 
(Appendix 2), and Moore (1959a) found competition for 
calcium to be important in the distribution of several 
tableland specieso Interspecific competition for nutrients 
may also be present at these areas of nutrient enrichment. 
Again the nature of the understorey may affect 
regeneration by its effect on root competition and light 
(Ashton, 1956). Ashton found E. regnans to require at 
least ten per cent of full sunlight for full development 
while Cameron (1964) considered 15 per cent to b e 
necessary for adequate growth for Eo fastigatao On 
sheltered aspects where radiation levels are low, 
occasional small clumps of Pomaderris in gulleys limit 
the growth of all but scattered Pteridium and clumps of 
Paa. Upslope and out of these patches, light conditions 
1 
appear poor, but are more adequate. Cuticular waxes 
produce glaucous leaves and reduce photosynthetic rates 
at low light intensities (Cameron 1964) and in these 
areas, E. robertsoni could be at a physiological 
disadvantage. 
2.5 Conclusions 
(a) The topography has modified the incident 
radiation and caused a redistribution of moisture in the 
ecosystem . E. fastigata appears to have a more limited 
distribution than E. robertsoni and is associated with 
sites having an apparently more favourable moisture 
status and a low-medium radiation climate. 
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(b) Irrespective of aspect, there is a relationship 
between the distribution of E. fastigata and soils with 
a good physical edaphic environment. 
(c) Nutrition appears unlikely to be significant 
in determining distribution patterns although interspecific 
competition may be important. 
These conclusions have been used as a series of 
working hypothesis and form the basis for the several 
studies followingo An additional investigation was made 
of regeneration and survival characteristics of both 
species. 
CHAPTER J 
ESTABLISHMENT AND SURVIVAL 
Summary 
The germination, establishment, and survival 
characteristics of E. fastigata and E. robertsoni were 
examined. Both species were found to be broadly similar 
in their reaction to the environment. It was suggested 
that most regeneration occurred in the brief favourable 
period between early spring and summer. 
3el Introduction 
In view of the mosaic pattern of distribution of 
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E. fastigata and Eo robertsoni, there is probably no major 
barrier to the occupancy of any site by either specieso 
The early development phases of seedling growth 
however are especially sensitive to the environment, and 
small variations in physiology and morphology may be 
important in the successful occupancy of a site by a 
species. A number of workers (Ashton 1956; Jacobs 1955; 
Grose 1957; Gilbert 1958; Cunningham 1960; Florence 
1964) have examined factors affecting the regeneration of 
eucalypts and include amongst these -
(i) 
(ii) 
Seed dormancy. 
Seed losses due to insects. 
(iii) Availability of suitable seed bedso 
(iv) Winter deaths due to frost, low light 
conditions, fungal deaths. 
r 
(v) Summer deaths due to dessication and 
high surface temperatureso 
(vi) Factors of the edaphic environment, 
including texture, fertility and 
micro flora. 
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In this chapter a series of studies of the 
establishment and survival characteristics of both species 
were examined in the light of these factors. As time was 
limited, several phases of development have been examined 
concurrently and the physiological adaptation to the 
environment of both species at these phases investigated. 
J.2 Seed Dissemination and Germination 
Fielding (1956) found the seed of Eo fastigata to be 
shed in all seasons of the year. In view of the relative l y 
mild summers, the rate of drying of E. robertsoni 
capsules is likely to be slow, resulting in an equally 
broad period of seed dissemination. 
Seed from many of the eucalypts growing in cold 
alpine regions are dormant or slow in germinating. The 
extent of the dormancy varies considerably, both within 
and between trees, and in some cases there may be a 
variation with altitude (Grose 1963). Dormancy is 
generally removed and germination rates improved by 
stratification, but a further strengthening of the 
primary dormancy can occur if seed is exposed to high 
temperatures after dissemination. It is oft e n sugge st e d 
that the characteristic of dormancy conveys an ecological 
advantage to a species by preventing or retarding 
germination during adverse summer and autumn conditions 
I 
i I 
1 
when heavy seedling deaths could be expected. 
Stratification in winter allows germination during the 
more favourable conditions of springo A secondary 
dormancy may be induced after stratification if seed 
is subject to high temperatures. This can be removed 
by further stratification. 
The activities of seed robbing insects however are 
such that very large amounts of seed are quickly removed 
immediately after dissemination. Grose (1957) found a 
100 per cent loss in four days and Jacobs (1955), 
Cunninghan (1960), and Cremer (1966), observed losses of 
from 80 per cent to 100 per cent. In view of this, it 
is quite possible that the ecologically beneficial effects 
of dormancy may be outweighed by the opportunities it 
presents for losses by scavenging insects. 
Cunningham (1960) found that of the small amount of 
seed not immediately removed, most of the remainder 
germinates within a year of being shed, and none 
accumulates in or on the forest floor. 
Larsen (1965) lists E. fastigata and E. robertsoni 
seed as being 'dormant' and 'partially dormanti 
respectively. The former classification was used for 
seed requiring more than four weeks incubation with 
gradual and usually incomplete germination over three 
months. 'Partially dormant~ seed showed a prominent peak 
in the rate of germination in the first fortnight and 
less than ten per cent of seed required germination 
periods of longer than four weeks. In addition, Cameron 
(1964) found E. fastigata seed to require light for 
germination. 
To investigate further these differences in the 
germination characteristics, a study was carried out 
with the following aims. 
(a) To investigate germination rates of untreated 
seed under constant temperature conditions. 
(b) To investigate the strength of dormancy in 
both species and the influence of heat 
treatments in further intensifying this 
dormancy. 
Method 
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(a) Three 0.5gram replicate samples of seed of both 
species, collected in the Brindabella Ranges near the 
study area, were germinated on moist filter paper resting 
in vermiculite filled petri dishes. Two temperature 
0 + 0 0 + 0 treatments of 13 - 1 C, and 21 - 1 C were applied to the 
unstratified seed and all samples were frequently exposed 
to light during periodic counting. After 21 days the 
remaining viable seed was assessed by a squash count. 
(b) Seed l o ts of both species were exposed to a 
heat treatment lasting eight days. The seed was spread 
on moist filter paper in petri dishes as above and heat e d 
in an oven regulated to approximate a diurnal fluctuation 
0 0 
of 20 - 35 C. Frequent checks were made to ensure that 
the filter paper remained moist for the duration of the 
treatment. At the end of the heat treatment, the heated 
seed and a set of unheated controls were stratified at 
4°c for o, 24 and 35 days, and then germinated at 
21° ~ 1°c and the rate of germination count e d as beforeo 
Three replicates were used for each heat and 
stratification treatment. 
Results 
(a) Germination at constant temperature 
At both temperatures, the germination of E. robertsoni 
was slightly more rapid than E. fastigata, although the 
cumulative totals after 21 days for both species at both 
temperatures were similar (Figure Jol). The lower 
temperature delayed the commencement of germination by 
about ten days, but again the response between the 
species after 21 days was not significanto 
(b) Germination after heat treatments 
The germination after 21 days was similar for both 
species and the effects of heat treatments were slight 
(Table J.l)o Both germinated slowly within this period, 
indicating a weak primary dormancy. The respective 
germination energy indices (GoE.I., taken as the 
germination after ten days as a percentage of the total 
number of viable seeds) indicate that E. fastigata had a 
more gradual germination rate than Eo robertsoni, and this 
was further decreased by heating. Heat had no 
appreciable effect on the germination rate of E. robertsoni. 
Few deaths were caused by the heat treatment used. 
Stratification removed the strengthened dormancy in 
Eo fastigata, indicated by the significantly greater 
GoEoI. Other differences are not significant although a 
beneficial trend is apparent in both species, under both 
heat treatments, with increasing stratification. These 
results will be discussed in a later section. 
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TABLE 3.l GERMINATION CHARACTERISTICS OF 
Eo FASTIGATA AND E. ROBERTSONI 
All results as a percentage of total viable seed 
germinating after 21 days 
(a) Germination at constant temperatureo 
Temperature E. fastigata E. robertsoni 
13°c 
21°c 
78 
88 
Differences not significant 
(b) Total germination after heat treatment 
Treatment E. fastigata E. robertsoni 
H.O HS H.O HS 
so 88 80 98 99 
S25 91 96 99 97 
S35 95 92 100 98 
Differences not significant 
(c) Germination energy index after heat treatment 
Treatment E. fastigata E. robertsoni 
Treatments 
Heat 
H0 = nil 
HO 
73 
so 
89 
LoS.D 
Hg= eight days 
HS 
53 
84 
88 
(P = 0.05) 
Hg 
91 
98 
100 
= 13 
Stratification 
s0 = nil 
s 25 = 25 days 
s 35 = 35 days 
HO 
91 
96 
98 
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J.J Seedling Establishment 
Under favourable conditions, most of the disseminated 
seed is capable of germinating, yet in field conditions, 
Jacobs (1955) considers a tree per cent (number of 
seedlings established from a hundred seere) of one per 
cent as good for eucalypt forests. This is due partly to 
insect activity and partly to the receptive seed bed and 
environmental conditions in which the seedling developso 
Gilbert (1958) found bare mineral soil to be superior to 
most other seed beds for Es regnans, although germination 
was satisfactory on organic matter as long as this was no 
deeper than a few inches. Undisturbed litter however is 
generally recognised as being a very poor seed bed for 
artificial regeneration. 
Dessication is the main cause of summer deaths 
(Jacobs 1955). As soils dry rapidly after rain, seedlings 
may be exposed to hot dry conditions. For E. regna~, 
Cunningham (1960) found winter losses to be more severe 
than summer losses, - only ten per cent of seedlings 
established in autumn, and JO per cent of seedlings 
established the previous spring, survived the subsequent 
winter. Winter losses were due primarily to frost and the 
low radiation microclimate, which increased the level of 
fungal activity and deaths due to damping off. 
In the more extreme microclimate of the Brindabella 
Range, even higher mortality rates in autumn and summer 
germinating seedlings could be expectedo It is unlikely 
that many seeds germinate during the cold conditions 
prevailing in mid-winter. 
To investigate whether the environment exerted any 
selective effect on either E. fastigata or E. robertsoni 
in the seedling stage, two trials using seeds and 
cotyledonary size seedlings were established at several 
sites on the study area. 
Method 
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Four small fenced plots were established on exposed 
and sheltered aspects within each of the species habitats. 
All were cleared of competing understorey and a few trees 
were felled to ensure that light was non-limiting in all 
plotso Surface litter was left undisturbed. 
In the four plots, six 18in x 18in sub plots were 
marked out and the boundaries dusted with DDT powdero 
In each plot, untreated E. fastigata seed was sown at the 
rate of 0.5 gm. on to three sub-plots, and E. robertsoni 
seed at the rate of 1.0 gm. per sub-plot on the 
remainder. Sowings were carried out in late winter 
when germinating seedlings could be expected to have the 
best chance of survival. 
Within each plot, cotyledonary size seedlings, 
raised in seed boxes in the laboratory, were periodically 
(4-6 weeks) planted out at the rate of about 25 of each 
species per plot over a period of a yearo No 
supplementary watering was carried out. 
All plots were periodically examined to check 
germination and survival rates. 
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Results 
(a) Direct seedling 
At all four sites, both species had low germination 
and survival rates and there was no evidence of a species-
site interaction which was effective at this stageof 
development (Table J.2). Germination occurred slowly due 
to the low ground temperatures prevailing in early spring, 
and after a month only three seedlings had become 
established . After a peak observed in December, the 
number of seedlings surviving decreased, and nearly a 
year later, the tree percentage was less than one per 
cent for both specieso 
Most of those seedlings surviving were found in 
sheltered positions, often around clumps of Poa. 
TABLE 3o2 SEEDLING ESTABLISHMENT FROM DIRECT SEEDING 
Seed sown 6/8/66. 
E. fastigata seed E. robertsoni seed 
Date 19/9 6/12 15/1 17/2 8/7 lJ/9 6/12 15/1 17 /2 8/7 
F . ex 2 1 
- 7 4 2 1 
F. sh 7 J 2 2 5 4 2 1 
RoeX 2 6 2 2 2 1 4 1 1 l 
Ro sh 1 J 1 1 
--
F = E . fastigata habitats R = E. robertsoni habitats 
ex . = exposed aspects sh = sheltered aspects 
(b) Coyledonary plantings 
Survival of both species on all sites was poor and 
few seedlings lived longer than several months after 
planting. With establishment at 4-6 weeks intervals, the 
seedlings may not have been subjected to a complete range 
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of environmental conditions, particularly in spring, and 
it is possible that conditions favourable for germination 
and survival exist only for short periods. Because of 
the patchiness and high mortality, a few conclusions can 
be drawn from this study. 
Deaths of cotyledons established in autumn and winter 
appeared to be primarily due to frost heave. Even by 
late afternoon, ice crystals were commonly found in 
s urface soils, particularly on sheltered aspects. Few 
deaths due to damping off were observed although under a 
normal canopy of tree and understorey, this would 
undoubtedly be significant. pnly one seedling germinating 
in spring was able to survive the abnormally severe 
summer drought, but this was eventually washed away by 
autumn rains. 
J.4 Seedling Survival 
Working with E. regnans, Cunningham (1960) found the 
greatest percentage of seedling deaths to occur at the 
young cotyledonary stage. With subsequent growth of 
E. regnans, fewer deaths occurred and he found mortalities 
in the second year after establishment to be low. In the 
early stages of germination and growth, climatic factors 
are probably of prime importance to survival. As the 
plant develops out of ·the severe microclimate existing at 
-ground level, the environment changes both in nature and 
in the effect it exerts on seedling growth. 
To study the effect of the micro-habitat on the 
larger seedling, tubed stock of both species were planted 
out at a number of sites. 
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Method 
Soil was collected from near the four plots mentioned 
in the previous section, and tubed. Seedlings of both 
species were established in each of the soils and 
raised under sheltered conditions. When all seedlings 
were several inches high and with 2-J leaf pairs, ten of 
each species were planted at each site, in tubed soil 
from that site. 
The planting was done on an overcast day in early 
December when all soils were near field capacity. 
Results 
The survival of both species was similar in each 
plot, but in the two plots within the E. fastigata 
habitats~ both species showed high levels of mortality 
(Table J.J). Most deaths on both aspects appear to be 
due to droughting although some insect damage to leaves 
of both species was present in all plots. On all plots, 
the environmental differences represented by the two 
aspects had little effect on survival rates, suggesting 
that at this stage of seedling development the primary 
factors limiting survival may be associated with the 
edaphic environment rather than the climate. 
Height growth of both species is shown in Table J.J 
but because of the small numbers surviving in some plots 
and the amount of variation present, differences in 
height growth were not significant. Seven months after 
planting, however there was a trend towards greater 
E. robertsoni growth in all but the sheltered E. fastigata 
TABLE 3.3 SEEDLING SURVIVAL AND GROWTH 
(a) Survival of tubed seedlings 
Planted 9 December 1966 
Date 18/12 15/1 17/2 1473877 1872 1571 1772 1473 877 
Site E. fastigata E. robertsoni 
F.ex 10 4 3 3 3 10 4 3 3 3 
F. sh 10 5 3 3 3 10 1 1 1 1 
R. ex 10 10 10 10 10 10 10 10 10 10 
R. sh 10 9 9 9 9 10 7 7 7 7 
(b) HeiB:ht Growth of Tubed Seedlings (ems) 
Species E. fastigata Eo robertsoni 
Site 
F.ex 
F. sh 
R.ex 
R. sh 
F = 
ex. = 
Dec. 1966 July 1967 
4007-to.329 10.10!4.636 
+ 2.53 ... 0.091 800 + -1.017 
4003!00335 + 10061-0.625 
4.47"to.824 + 7.93-00782 
Eo fastigata site 
exposed aspect 
Dec. 1966 
4090!0.443 
3.oo"to.184 
+ 3082-0.356 
4001!.o.229 
July 1967 
+ 1600-2.500 
6.o 
12.26-to.955 
llo69"t1.162 
R = E. robertsoni site 
sh= sheltered aspect 
site in which only one Eo robertsoni seedling s urvivedo 
In addition, the median height of the E. robertsoni 
seedlings was 4cm. higher than the median of the E. 
fastigata seedlingso 
3.5 Seedling Root Growth 
Much of the ecological success of a species is 
dependent on the rate at which it occupies a site. 
Evidence already presented suggests that between the 
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climatic extremes of summer and winter, there may be only 
short periods during which conditions favourable to the 
development of newly germinated seedlings exist. The rate 
at which root systems develop is a good measure of this 
early rate of site occupancy. 
Root growth can be measured by periodic excavations 
of seedlings but many of the finer roots can be lost 
using this method. Though it imposes an artificial 
environment, a quantitatively more satisfactory method is 
the measure root extension in glass sided boxes. Growth 
rates measured by this method give an approximation of 
the root system development of both species. 
Method 
A narrow box, two feet high was fitted with a 
sloping glass side and filled with nursery soil. The 
design of the box is illustrated in Figure 3.2. For the 
duration of the equipment, the glass sides were covered 
with a black plastic sheeting and this was only removed 
for short intervals during periodic measurements. 
Twenty-five cotyledonary size seedlings of each species 
were planted against the glass in early March and weekly 
observations of root growth were made over a period of 
two months. The box was maintained in an unheated 
glasshouse during this period. 
Results 
Both species showed an immediate rapid downward 
growth of a single primary root, and this extension 
continued for some time before the first leaf pair was 
formed. The mean growth rates of both species were not 
Figure J . 2 . Glass sided box used to 
examine root development. Slope of 
gl~ss panel 1 in 11. 
significantly different for the duration of the 
experiment (Table 3o4). However, the variability in the 
growth rate between E. robertsoni seedlings greatly 
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exceed that of E. fastigata seedlings. After five weeks, 
the standard deviation from the mean of the former was 
double that of E. fastigata. At the same time, over 28 
per cent of E. robertsoni roots exceeded the maximum 
depth of penetration by E. fastigata. A similar pattern 
existed three weeks later. 
Growth of the tips of various roots was not always 
regular and both species occasionally showed short periods 
of dormancy. 
The growth of oblique laterals, possibly acting as 
auxillary taproots, occurred in the first few weeks after 
planting in both species, but subsequently were more 
prevalent in E. robertsoni. By the eighth week, 14 per 
cent of the E. fastigata and JS per cent of the EG 
robertsoni seedlings had developed branches observable 
against the glass. This is not an absolute measure of 
differences in degree of branching between species, but 
does suggest that E. robertsoni may be the more vigorous 
of the two in this respect. 
In June, with the advent of cooler temperatures, 
observable growth against the glass ceased in most roots. 
A few however continued, and most seedlings continued 
to show some shoot developmento During the earlier phase 
of rapid root establishment, shoot extension was slowo 
TABLE J.4 ROOT GROWTH 
Penetration depth (ems) after planting 
Five weeks Eight weeks 
Species No. Mean S.Do S .E o Range Mean S.D. SoE. Range 
E. robertsoni 20 10o7 4.7 1.06 J.7-20.9 14.1 6.8 1.56 7.J-Jl.l 
Eo fastigata 14 8.1 2.J 0.62 406-12.4 10.J 4.1 lol4 5.7-18.J 
S.D. = Standard deviation SoE. = Standard error 
\...n 
--._:z 
J.6 Discussion of the Establishment Phase 
Only slight differences exist between the pattern 
of germination of untreated seed of both species when 
tested under standard conditions. A fluctuating heat 
treatment had little effect on the germination capacity 
of either species, but it did cause a significant reduction 
in the Germination Energy Index of E. fastigata seed. 
Under the treatment conditions, few deaths were recorded 
and most of the induced dormancy could be removed after 
a short period of stratification. 
Working with E. regnans, Cunningham (1960) found 
the effect of high temperature to be dependent on seed 
moisture content. 
seed, temperatures 
When applied to imbibed or imbibing 
0 
over 32 C strengthened the primary 
dormancy. An increase in the duration of the heat 
treatment further increased this dormancy and resulted 
in a higher mortality. The lower the moisture content, 
the more resistant were the seeds to these temperature 
effects. 
Even with a further strengthening of the primary 
dormancy in E. fastigata following a long exposure to 
heat, it is difficult to see the species deriving any 
great ecological advantage over E. robertsoni from this 
factor. During summer and autumn, when increases in 
dormancy may confer a certain plasticity by delaying 
germination, any gain is probably offset by the greater 
opportunity it presents to seed scavenging insects. 
Cotyledonary stage seedlings planted throughout the 
year all failed to survive longer than a few months. 
Seed scattered in late winter, when temperatures were 
J 
below the optimum for rapid germination, were able to 
take advantage of short periods favourable for 
establishment between the climatic extremes of summer 
and winter. Any primary dormancy in seed being 
disseminated at this time of the year would be removed, 
and in addition, insect activity would probably be at a 
minimum. 
59 
A small percentage of winter disseminated seed 
germinated and survived the summer period, and although 
most of the seedlings surviving were those protected by 
grass clumps, it is evident that only those possessing 
the ability to rapidly occupy the site will develop. 
Studies on the growth pattern of the root systems showed 
that both species produced prominent tap roots which 
quickly extended downwards. E. robertsoni seedlings had 
the most rapidly de·veloping primary tap roots although 
the mean growth rates of E. robertsoni and Eo fastigata 
roots were similar. Moreover, E. robertsoni seedlings 
had a greater development of oblique laterals in this 
early stage. Zimmer and Grose (1958) working with a 
variety of eucalypts, found a similar difference to exist 
on a broader scaleo Species from dry habitats developed 
long tap roots and small shoot systems in the early 
seedling stage, while others from wetter localities 
usually formed a shorter, more fibrous root systemo 
Misra (1956) found a similar pattern to parallel the 
variation in drought resistance of a number of strains 
of corn. 
Most of those seedlings having a slow root 
development are probably killed soon after germination 
and the ecological advantage must rest with the species 
having the greater variability. In this respect, 
E. robertsoni is physiologically better adapted to the 
harsher environment than Eo fastigata. 
The survival of tubed seedlings indicated for the 
first time that a habitat difference might exist between 
sites occupied by the two species which might affect 
regeneration. This difference appeared to limit the 
survival of both species, but because of the high 
mortality at some sites, its significance for growth is 
uncertain. Most seedling deaths occurred in the first 
month after planting, indicating that the root system of 
these plants were not able to develop quickly enough to 
maintain the plant during the summer drought of 1967. 
This suggests that the soil from the two E. fastigata 
habitats reduced plant vigour to the point where rapid 
growth after field establishment was not possible. 
Florence (1964) presented evidence of a species-site 
interaction in E. pilularis which he attributed to soil 
microflora and which could predispose the seedlings to 
death by a number of climatic agencies. It is possible 
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that a similar condition exists in this situationo Under 
field condition~ other variables in the environment have 
confused the results and further discussion will be left 
until the glasshouse studies in Chapter 7. 
One of the environmental factors not studied was the 
relative effects of understorey competition on growth. 
It has been noted that clumps of Paa may have a 
beneficial sheltering effect on developing seedlings. 
Grose (1957) notes however, that many of the seedlings 
surviving summer droughts in this way were etiolated 
and inherently weak and rarely survived the winter period. 
J.7 Conclusions 
Although limited to one year, and essentially 
preliminary in nature, several conclusions can be drawn 
from these investigationso Firstly there does not seem 
to be any marked difference between the ability of 
either species to germinate and develop at any of the 
sites investigated in the field. A difference between 
E. fastigata and E. robertsoni habitats may exist, but 
at the seedling stage ~his appears to have a similar 
effect on the survival of both speciese 
Secondly, E. robertsoni has a greater variability 
in early growth, which in periods of stress may aid the 
seedlings to rapidly occupy a site and survive when 
Eo fastigata was unable to do SOo 
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CHAPTER 4 
THE LIGHT FACTOR 
Summary 
The spatial variation in the light climate on 
sheltered aspects was high and there were many microsites 
with high radiation levels under both specieso E. 
robertsoni was better adapted than E. fastigata to the 
higher radiation levels because of its glaucous adult 
leaves. At low light intensities, E. robertsoni had a 
greater height growth, but E. fastigata may be more 
efficient in the utilization of assimilates. 
4.1 Introduction 
The amount of solar radiation received at a latitude 
depends on season, time of day, altitude, topography and 
weather conditions, eog., cloud cover. These determine 
the intensity and quality of light to which the vegetation 
is subjected. Plant response is the integrated effect of 
a number of different reactions to various parts of the 
radiation spectra within the range 300-lOOOmµ (mµ = milli 
microns) but the action of the different wave lengths 
within this range is uncertain. For optimum growth and 
development, a wide range in the quality of incident 
radiation is desirableo Waring and Major (1964) 
suggested the following spectral classification. 
>lOOOmµ no specific effect; 
absorbed. 
converted to heat if 
700-lOOOmµ- specific elongation effect. 
610-700mµ - maximum chlorophyll absorption and maximum 
photosynthetic activityo 
510-610mµ - zone of reduced photosynthesis. 
400-510mµ - absorption by yellow pigments and a second 
chlorophyll absorption peak, inducing 
photo tropism. 
315-400mµ formative effect. 
315mµ - detrimentalo 
In addition to these direct effects, radiation 
indirectly influences growth by affecting other factors 
of the microclimate e.g., temperature, humidity, 
evaporation, transpiration etco 
For the developing seedling, the light climate is 
greatly modified by the presence of other plants. A 
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dense canopy can reduce the light intensity at the forest 
floor to one per cent of full sunlight (Daubenmire 1947) 
and often a large gradient exists from the ground upwards, 
governing production and structural development within the 
stand (Saeki 1963). Grime and Jeffrey (1965) suggested 
vertical gradients may b e ecologically of most importance 
for low shrub species~ those having rapid early height 
growth being better adapted to the habitato Under forests, 
the light gradient is frequently less pronounced near 
ground level, and here shade tolerance rather than shade 
avoidance may have more ecological significance. This 
raises the point that the successful tree species may 
have to be tolerant of a low light intensity during the 
juvenile stages, and adaptable to high intensities when 
its crown reaches the canopy. 
/, 
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The nature of the light climate and the proportions 
of direct and indirect light at the forest floor is 
greatly influenced by the structure and arrangement of 
leaves within the tree canopy. The unusual shade qualities 
of the genus Eucalyptus were attributed by Jacobs (1955) 
to the pendulous arrangement of most of the adult leaves. 
These allow penetration of overhead light but heavily 
screen any side lighting. In wet sclerophyll forests at 
most times of the year, this results in a low intensity 
light climate under the canopy which may be further 
reduced by understorey layers to intensities of two-and-
a-half per cent or less of full sunlight (Jacobs 1955)0 
Superimposed on the shade light is a shifting 
patchwork of sunflecks, varying in position and intensity 
with time. As there are a number of successive layers in 
the canopy, the number of available holes, and hence 
sunflecks, decreases as the sun moves from the zenith to 
the horizon. This variation in space and time makes 
measurement of the light regime very difficult but is, 
as Saeki (1963) pointed out, an integral and important 
part of the light climate. 
Photometers of various types have been used to 
characterise the light climate e.g., Daubenmire (1958), 
Evans (1956), Jacobs (1955), Cameron (1964), McCree 
(1966), but associated with all of these has been the 
problem of adequately sampling the uneven distribution 
of light within the forest and short term fluctuations in 
the open. Hemispherical photographs (Anderson 1964) and 
chemical integrators of the light climate (Dore 1958; 
Marquis and Yelinosky 1962; Friend 1961) have overcome 
a number of these problems. However even with the selective 
I . 
use of filters, the problems of obtaining a spectral 
response comparable with that of a plant remains, and 
as yet only approximate measurements can be made. 
The effects of topography in modifying the solar 
radiation received at a surface have been mentioned in 
Chapter 2. On southern slopes the reduced direct 
radiation may be further minimized by side shading, and 
indirect radiation may be an important radiation source. 
Regeneration on these slopes develops slowly, but once 
the crowns reach the canopy and the more favourable 
light climate, subsequent growth is favoured by the 
better moisture conditions pr~vailing (Jacobs 1955)0 
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On northerly slopes the effects of high radiation and the 
resulting drier conditions tend to reduce vegetation 
density. This in turn produces an even more intense light 
climate for regeneration. 
The physiological importance of light for growth 
has been discussed in a number of texts (Curtis and 
Clark 1950; Kramer and Kozlowski 1960). However, the 
growth responses to varying light intensities and the 
ecological implications of these responses appear to be 
still uncertain and it is evident that many of the 
relationships between plant growth and light intensity 
reflect in part the criteria used to measure 1 growth 1 • 
Blackman and a number of associates (Blackman and Wilson 
1951a, 1951b, Blackman and Black 1959) ~ound for a 
number of species, irrespective of habitat, that over the 
range ten per cent to 100 per cent full sunlight, nett 
assimilation rate 1 was directly proportional to, and 
1 N.A.R. = rate of gain in dry weight / unit leaf area. 
leaf area ratios 1 exhibited an inverse linear 
relationship with the logarithm of light intensitys The 
2 Relative Growth Rate showed a curvilinear relationship 
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with the logarithm of light intensity, and compensation 
points were similar. They suggested neither N.A.R. nor 
the compensation points could account for the relative 
ability of species to withstand shading, and the specific 
differences between light intensity and growth could be 
primarily attributed to changes in the LaA.Ro 
Bray (1958) however, explained the ecological 
distribution of plants in relation to light by a 
difference in compensation p~ints or assimilation rates 
at given light intensitie~ and Ashton (1956) suggested 
the linear relationship found by Blackman might not hold 
at lower light intensities. He considered the variation 
in the compensation points of a number of wet sclerophyll 
understorey species did in fact provide a guide to their 
distribution. 
Lower maximum rates of photosynthesis may not be as 
meaningful in terms of tolerance to shade as lower 
saturation intensitieso Bohning and Burnside (1956) found 
the light saturation and compensation points of shade 
plants to be less than sun plants but were uncertain of 
the ecological significance of these differences. 
Certainly tolerant species are be~ter adapted for 
survival at low light intensities, but survival is only 
one aspect of behaviour, and the ability of a tree species 
to grow out of this light climate and efficiently utilize 
1 LoA.Ro = total leaf area/plant dry weight. 
2 RoG.R. - Product of N.AoR. and L.A~Ro 
the higher radiation energy striking the forest canopy 
will be dependent on a number of other physiological 
attributeso Decker (1955) concluded 'there probably 
cannot be a universal denominator which will translate 
measurements of photosynthesis directly into reliable, 
broad ecological indexes, because the several aspects of 
ecological success are not necessarily closely and 
positively related'. 
One of the few studies of the effect of low light 
intensity and Eucalyptus growth has been made by Ashton 
(1956) investigating E. regnans. He found the 
compensation point to increase with age such that seedlings 
could germinate and produce cotyledons in one per cent 
sunlight, but subsequent development was prevented beyond 
this threshold value unless the light regime improved. 
The rise in the compensation point continued until the 
adult leaf stage, and was accentuated by ontogenetic 
changes in leaf orientation. In the juvenile stage, 
leaves were parallel to the stem and well adapted for 
light interception. With age, most leaves became 
pendulous and lost this adaption. His work suggested a 
minimum of ten per cent full sunlight was necessary for 
adequate regeneration. This was supported by Cremer 
(1960) and Cunningham (1960)0 Cameron (1964), working on 
the closely related E. fastigata considered 15 per cent 
to be the lower limit for adequate regBneration. 
High radiation levels often suppress plant growth, 
and plants growing in these environments commonly have 
various physiological and morphological adaptions to the 
adverse conditions. One of these is the development of 
leaf hairs or waxy glaucous layers on leaves which reflect 
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much of the incident light. Pearman (1966) in W.Ae, found 
the hairy, sand dune species, Arctotheca nivea reflected 
an average of 67.1 per cent of incident radiation from 
its lower leaf surfaces, while the waxy surface of the 
dry sclerophyll species, Dryandra sessilis reflected an 
average of 26 . J per cent. Cameron (1964) observed similar 
but lower results for glaucous Eucalypt leaves. When 
the glaucous layer was removed, the reflectivity was 
reduced. The nature of the leaf surface can have 
considerable effect in reducing the adverse effects of 
high radiation levels, and small variations may have 
considerable adaptive and ecological consequenceso 
In summary, it appears that the light climate 
beneath forests is very variable and the measurement of 
such a climate is difficult. Results from the few wet 
sclerophyll forest eucalypts studied suggests these can 
germinate under low light intensities, but the subsequent 
development may be dependent on an improvement of the light 
climate to at least ten per cent full sunlight. The 
explanation of a differential ecological distribution in 
relation to light intensity is uncertain but evidence 
suggests there is a linear relationship between the 
logarithm of light intensity and 'growth'. Adaptations 
to high radiation levels are present in some eucalypts. 
4.2 Objectives 
Evidence from field distribution patterns indicated 
E. fastigata may be intolerant of high radiation levels 
(Figure 2.2), and Cameron (1964) found seedlings exposed 
to full sunlight continued to die over an extended period 
and suggested the high light intensity rather than a 
moisture stress might be the causative factor. On the 
other hand the glaucous adult leaves of E. robertsoni may 
have an adaptation to these higher radiation levels in 
the form of a greater leaf reflectance than the non-
glaucous leaves of E. fastigatao 
Both species occur on sheltered aspects, but at 
these sites E. fastigata generally has a denser understorey 
and appeared to have a lower radiation climate for 
regeneration than E. robertsoni. As it is the more common 
species on these slopes, this could indicate a better 
adaptation to low radiation levels. 
Several studies were carried out with the following 
objectives. 
(1) To estimate the relative seedling light climate 
under mature stands of both species on sheltered 
aspectso 
(2) To determine the difference in reflectance and 
absorption of the leaves of both specieso 
(3) To observe the effect of a range of light intensities 
on the growth of both specieso 
4.J Light Climate under the Forest Canopy 
To fully categorize the light climate under a given 
forest type would require widespread and extensive 
sampling. In view of the physical problems associated 
with this, mature stands were subjectively chosen as 
representative of the species on sheltered aspectso These 
were on similar aspects and exposures. To minimize 
variations with time, chemical integrators were used to 
measure the light climate. The method has been described 
by Dore (1958), Marquis and Yelenosky (1962)> but will be 
briefly outlined hereo 
Anthracene (c14H10 ) in benzene solution polymerizes 
on exposure to sunlight into insoluble dianthracene 
(c 1 4H10 ) 2 • The sensitivity of anthracene lies largely 
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in the ultra-violet, but the glass phials used to expose 
the solution absorb most of these wave lengths~ and may 
offset most of the disadvantage associated with this high 
ultra-violet sensitivity. 
A concentrated solution of 5gms of Anthracene per 
litre of benzene was made up and stored in an opaque 
bottle. This was calibrated -against sunlight by 
exposing a number of standard 20ml. phials filled with 
the stock solution, under several shade screens ( 1 Sarlon1) 
of differing shade intensityo The phials were exposed 
over a period of eight hours on a clear day. Periodic 
measurements of the total radiation over this period 
were taken with a 'Gossen Lunasix' light meter with an 
incident light attachment. The same white background to 
the phials was used in subsequent field measurements. 
After exposure, the solution was filtered, and a 
005ml. sample diluted with benzene until a reading of 
20-70 per cent transmittance was obtained on a Beckman 
Model DU-2 Spectrophotometer at J50mµ. Depending on 
exposure, this generally required 20-JOmlso of benzene. 
The concentration of anthracene remaining in solution 
could then be calculated. The calibration curve 
relating light received and concentration of anthracene 
remaining in solution is shown in Figure 4.lo 
1 Sarlon Industries Pty Ltd, Waterloo, N.s.w. 
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In the field, at each site, 15 phials were 
scattered in a grid 20 paces apart on the late evening of 
one day and collected at the same time the following day. 
Several phials were placed in the open near each site to 
measure the total radiation for the periodo On the day 
of exposure (9 March 1967), conditions were clear and 
sunny with an occasional cloud. 
Results 
Under both stands there was a very considerable 
spatial variation in the light regime (Table 4.1) 
suggesting that even in what might be regarded as a low 
light intensity habitat, there may be many microsites 
favouring the regeneration of more light demanding 
species. 
TABLE 4.1 
Habitat 
Eo robertsoni 
E. fastigata 
Open 
LIGHT 
Mean 
16098 
11.89 
45.60 
CONDITIONS AT FOREST FLOOR 
(1000ft candles) 
--
Percentage Median Range 
of open 
37.0 13.95 8030-32040 
26ol 12.60 6.30-20.90 
100 
Eo robertsoni appeared to have a slightly higher radiation 
climate but because of the restricted nature of the sample, 
no attempt was made to statistically test the difference 
between means. In view of the very large spatial variation, 
the ecological significance of such a difference is 
doubtful. 
a; 
72 
4.4 Leaf Reflection 
A Shimadzu spectrophotometer QU50 with an integrating 
sphere reflectance attachment was used to measure leaf 
reflectance and transmission. This holds two leaf 
samples and a standard white disc of Barium sulphate. 
Instead of using the standard in routine measurements, 
this was calibrated against a Whatmans No.l filter papero 
The filter paper had a mean reflectance within the range 
400-750mµ of 0.88 (and ranged from 0.881 at 750mµ to 
0.901 at 500mµ). When measuring reflectance from 
E. robertsoni, a small mask was cut to compare unit area 
of leaf against the same are~ of standard, as the leaves 
were narrower than the normal aperture. In this case the 
filter paper had a slightly lower reflectance. Reflectance 
from the Barium sulphate disc was 0.975. 
The reflectance at each wave length was calculated 
using the formula below. 
R% = R X R X R m s p 
where R% = true reflection 
R = Reflectance of Ba so4 s 
R = Reflectance of filter paper p 
R = Measured reflectance 
m 
Transmitted light was measured using the method 
outlined by Cameron (1964). The leaf sample was held in 
a modified sample holder in the path of the light beam 
and about 0.2cm from the photomultiplier. As some 
scattering occurs during the passage of the light through 
the leaf, an opaline lens was inserted into the slit of 
the photomultiplier to ensure that all light entering was 
diffuse. 
Measurements for both reflectance and transmission 
were made at 25mµ intervals, and more frequently in the 
region 620-675mµ where maximum absorption for chlorophyl 
a occurs. 
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Samples of adult leaves were collected in the morning 
and stored in plastic bags in a cold box during the hour 
long trip to the laboratory. Measurements were made on 
four replicates. 
Results 
Reflectance curves were developed by plotting the 
absolute reflectance against -wave length. These are 
shown in Figure 4.2. The shape of both reflectance 
curves were similar, rising to a peak at 550mµ and then 
falling in the region of chlorophyll absorption before 
rising again in the infra-red wavelengths. Within the 
range 400-675mµ, the absolute levle of reflectance of 
E. robertsoni ranged from llo5 per cent to 17.5 per cent 
but was consistently about five per cent higher than from 
E. fastigata leaves, i.eo, the reflectance of E. robertsoni 
was proportionally 35 per cent greater than from 
E. fasti~ata. In the infra-red, this difference 
decreasedo 
Transmission through the leaves was similar but 
insignificant for both species (Figur~ 4.2). A 
transmission peak of two per cent was reached at 550mµ, 
falling after this and not rising again until the 
infra-red. 
Absorption was calculated as the difference between 
the total incident light and the sum of transmitted and 
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reflected light at each wavelength. The variation in 
absorption with wavelength is shown in Figure 4.J~ As 
transmission was low, the relationship between the two 
species is similar to that in the reflectance curves and 
the absolute level of absorption of Eo fastigata was about 
five per cent higher than Eo robertsoni over most 
wavelengths. 
4.5 Light Intensity and Growth 
The light intensity was varied using screens of 
'Sarlon' plastic shade cloth (Fabric No.603, 607) mounted 
on frames, giving light inte~sities of 100 per cent (no 
screen), 58 per cent, 32 per cent and 8~ per cent of 
full sunlight. The effect of the screening material 
used on the light quality beneath the screen was tested 
on a spectrophotometer and found to be negligible. In 
addition, checks were made on the actual shading properties 
of the screening material and it was found that in diffuse 
light, these could be slightly higher than those quoted. 
(J. Wood - pers. comm.)o 
In use, the screens were lifted several inches off 
the ground to allow adequate air circulation and minimize 
fungal attack at lower light intensities. This also 
helped minimize temperature differences under the different 
screens, although it is probable that a leaf temperature 
difference of 5-lo0 c exists between shaded and non-shaded 
plants (Jarvis 1964). 
Seedlings were germinated under 54 per cent shade in 
January and planted out in five inch pots containing a 
nursery soil. Initially, three plants were established 
in each pot but these were subsequently reduced to one. 
Each treatment had six replicates. The range of light 
intensity treatments were initiated after the formation 
of the first leaf pair, and harvesting occurred 15 weeks 
after commencement of the treatment. 
Results 
A number of plants inexplicably failed to develop 
and there was wide variation amongst those that did; 
consequently the within species variation was high. 
Within the treatments, most variation occurred in the 
two intermediate light intensities used. At the 8~ per 
cent and the full sunlight treatments, the variation 
was similar to that found in the other studies. In an 
effort to minimize the effects of this variation, the 
best four out of the six replicates of each treatment 
were measured. The results are summarized in Table 4.2. 
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With increasing light intensity, both species 
increased in height to a maximum at 32 per cent sunlight, 
and at higher light intensities, growth was reduced 
(Figure 4.4). At all intensities, Eo robertsoni tende d 
to be taller than E. fastigata, but this difference was 
significant only at the 32 per cent intensity treatment. 
Root lengths increased with increasing light intensity, 
but the differences between species were not significant. 
The root length: shoot length ratio of E. robertsoni 
was unaffected by light intensity. The ratio for 
~fastigata was high at the lowest light intensity; 
decreased to a figure comparable with the E. robertsoni 
ratio at the intermediate intensities, and increased 
again at the highest intensity. 
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Light 
Intensity 
(%) 
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p = 0.05 
Light 
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58 
32 
8..!. 
LSD 
P = 0"05 
Light 
Intensity (%) 
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32 
8..!. 
LSD 
P = 0.05 
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GROWTH· AND LIGHT INTENSITY 
Shoot length Root length 
(ems) (ems) 
F R F R 
13.2 14.4 24.6 2lo5 
17o5 20.8 23o4 24 0 1 
18.8 25.7 21.4 22.0 
4.6 9.6 12o5 11.6 
609 4.6 
Shoot Weight Root Weight 
(mg) (mg) 
F R F R 
1234 809 806 572 
759 579 382 318 
597 472 220 174 
40 34 14 11 
370 179 
2 Leaf Area LAR (cm /gm) 
(cm2) 
F R F R 
11109 66.6 90.2 82o0 
97.3 6807 125.0 12400 
118.4 97.0 203.0 212.5 
14.9 9.6 354.7 26100 
55.5 78ol 
1 F = E. fastigata 
R = E. robertsoni 
Difference significant at P = Oo05 
Root:Shoot 
(ems/ems) 
F R 
2o27 lo52 
1.57 lo22 
1.23 loOO 
3.47 1.22 
0.98 
Root:Shoot 
(Mg/mg) 
F R 
Oo65 0.61 
0.60 0.57 
Oo38 Oo48 
0.34 Oo32 
Ool5 
2 SLA(cm /gm) 
F R 
113.8 109.2 
15705 161.6 
257.5 298.5 
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The root and shoot dry weights of both species 
increased with increasing light intensity. The differences 
between species were significant only at the 100 per cent 
light intensity, where E. fastigata was greater than 
E. robertsonio The root weight: shoot weight ratios 
were similar in both species and increased with 
increasing light intensity. 
The leaf areas of both species increased with 
increasing light intensity up to 32 per cent sunlight, 
but did not increase beyond this level. Leaf area ratios 
(LAR = Leaf area/shoot dry weight) and specific leaf areas 
(SLA = leaf area/leaf dry weight) increased with 
decreasing light intensity for both species but 
E. fastigata became significantly greater than 
E. robertsoni at the 8~ per cent treatment (Figure 4.5). 
4.6 Discussion 
There is an obvious difference between the light 
climate on north and south facing slopes (Figure 2.2) 
and few E. fastigata stands are found associated with the 
higher radiation level. On sheltered aspects however, 
there appears to be no marked difference under typical 
stands of both species, and hence no differential which 
could act on regeneration in these areas. In addition, 
the spatial variation is such that even within these 
'shade' habitats, there are many micro-sites with 
relatively high light climates. 
Much effort in the past has been devoted to obtaining 
accurate measurements of the average light intensity at 
a site. Such measurements are probably ecologically 
unreal in these forests and future investigations could 
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perhaps be directed towards finding the effects on plant 
growth of intermittant exposure to low and high radiation 
levels. 
The general level and shape of the reflectance 
curves is similar to those reported by a number of other 
workers e.go, Rabinowitch (1951), Howard (1966), Cameron 
(1964), Pearman (1966). Reflectivity differences can be 
attributed primarily to the presence of the glaucous 
surface on E. robertsoni leaves, although much of the 
total reflectance takes place internally (Pearman 1966). 
Hall et. alo (1965) examined the nature of some glaucous 
layers under an electron microscope and found these were 
' 
always composed of rods or filaments of wax growing out 
from the leaf and presenting numerous light scattering 
surfaceso Normal green leaves had instead smooth wax 
films or platelets lying on the cuticle. 
Slight changes in leaf moisture content may alter 
the nature of the internal reflecting surfaces and 
Pearman (1966) suggested seasonal decreases in turgidity 
may be accompanied by slight increases in reflectanceo 
Bower and Hanks (1965) had earlier found a similar 
association with variations in soil moisture contento 
In an extensive study of eucalypt light relations, 
Cameron (1964) demonstrated reflectance could vary with 
age, depending on the degree of glaucousness. Thus in 
the juvenile stage, when both species are non-glaucous, 
differences in reflectivity between E. fastigata and 
E. robertsoni are probably slight. In adult leaves the 
reflectance in E. robertsoni increases, due both to an 
increase in leaf glaucousness and to a change in leaf 
orientation. In contrast, increases in the reflectanc e 
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of adult leaves of E. fastigata would result only from 
changes in leaf orientationo In the measurements made 
in the laboratory, a standard leaf orientation was used~ 
with the leaf perpendicular to the incident light. Angles 
of incidence greater than 45° can cause increased 
reflectance (Howard 1966) but the differences between 
glaucous and non-glaucous species are likely to remain 
similar. 
The low transmission levels reported here suggest 
a contrast with some overseas results (Federer and Tanner 
1966, Vezeni and Boulter 1966). These workers have found 
spectral differences under various canopies which they 
suggest might have some ecological implicationso The 
results for E. fastigata and E. robertsoni indicate, at 
least in the range 400-750mµ, that in eucalypt forest 
such differences are unlikely. 
Field observations provide some relationships 
between reflectivity, glaucousness, and habitats. 
Billings and Morris (1951) demonstrated an increasing 
leaf reflectance could be associated with an increase in 
the degree of habitat exposure, in a series ranging from 
shade grown trees through to sub-alpine plants. In 
Eucalypts, Barber and Jackson (1957) have surveyed the 
clinal variation in E. urnigera and found the phenotype 
from sheltered aspects had green leaves, while those from 
more exposed sites were glaucous. 
The ecological significance of a high reflectance is 
associated primarily with the effect of reflectance on 
reduced leaf temperature, and hence on a large number of 
physiological processes, e.g., photosynthesis, 
respiration, transpiration. Slatyer (1964) considered 
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reductions in leaf temperatures of the order of 10-15 per 
cent are probable under some conditions. In shade, the 
reduced radiation absorption may prevent a plant from 
attaining light saturated photosynthesis, but under high 
radiation levels, the greater reflectivity may reduce the 
length and severity of the normal mid-day decline in 
photosynthesis, lower transpiration rates, and provide 
some ecological advantage over plants with a lower albedo. 
In this particular study, the glaucousness of E. robertsoni 
leaves represents a positive adaptation to high radiation 
levels not possessed by E. fastigata. 
Although the growth of both species was reduced in 
the glasshouse experiment at low light intensities, the 
differences between species were not great. The reasons 
for the high variation in the two intermediate treatment 
levels applied were not clear, and without a larger 
number of replicates the ecological interpretation of 
these interspecific differences is, to some extent, 
speculative. However, several trends indicating 
physiological differences between the species seem 
apparent. 
At the highest light intensity, the height growth of 
both species was reduced, but Eo fastigata was more 
vigorous and had a greater dry weight production than 
E. robertsoni. At the lowest treatment levels, the 
relationship altered and Eo robertsoni developed a greater 
seedling height, although the dry weight production of 
both species was similar (i.eo, E. robertsoni was less 
robust than E. fastigata). This height advantage could 
enable ~robertsoni seedlings to overtop small 
competators e.g., Pteridium aquilinum, and grow out of 
the severe microclimate near ground level into more 
favourable conditions of temperature and light. 
The greater height growth of E. robertsoni was 
largely responsible for the high root length:shoot 
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length ratios of E. fastigata at the lowest light 
intensity. High ratios have been taken to imply a 
greater drought resistance (Kramer and Kozlowski 1960). 
In this case however, there was not an accompanying trend 
in the root weight: shoot weight ratios, and the area 
of transpiring surface was similar in both species. The 
difference in the ratios probably reflects a difference 
in the utilization of assimilates but appears unlikely to 
confer a greater drought resistance on E. fastigata. 
The higher LAR and SLA of E. fastigata at the 
lowest light intensity indicate this species may be 
capable of a more efficient utilization of assimilates 
than E. roberts.2_gi and may form more 'functionalr plant 
organs or food reserves when the light climate is 
minimal. This, according to Baker (1950) is a 
characteristic common in shade tolerant species; the 
juvenile growth of less tolerant plants is rapid and 
food reserves are low. The adaptation however is only 
likely to be significant at the lowest light intensities 
and in most sites in the field, may not be especially 
important. 
As a result of their extensive investigations, 
Blackman eto al. (1951 a, 1951 b,) decided against the 
use of NoA.R. in deciding the difference between sun and 
shade plantso Instead they redefined a shade plant as 
'a species for which a reduction in light intensity 
I, 
causes a rapid rise in the LAR from an initial low in 
full daylight. Conversely a sun plant combines a high 
LAR in full daylight with little change in the ratio at 
low light intensities 1 (Blackman and Wilson 1951 b). 
Jarvis (1964) also included an expression of the slope 
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of the regression line and the initial LAR in full 
sunlight. Their data, together with that for both 
Eucalypts have been included in Figure 4.6 and Table 4.J, 
and on this basis the juvenile foliage of E. fastigata 
and E. robertsoni displays the characteristics of shade 
plants, with the former more tolerant of shade than 
E. robertsonio 
TABLE 4.J INCREASE IN LAR/UNIT INCREASE IN LIGHT 
AND UNIT LARIN FULL SUNLIGHT 
Sun Plants 
Helianthus annuus 
Vicea fabia 
1.28 
1.18 
E. fastigata 
Shade Plants 
Geum urbancim 
Impatiens parvifolia 
E. robertsoni 
Cameron (1964) measured the rates of apparent 
photosynthesis of both species and these are shown in 
Figure 4.7. Compensation points, rates of maximum 
photosynthesis and saturation intensities are virtually 
identical, supporting the broadly similar results 
reported here. In extrapolating these data to the field 
situation, several conditions should be notedo Firstly, 
both sets of results were derived from intermediate 
leaves and the response of adult leaves may be different. 
~ameron 1964, Bormann 1958). Certainly glaucousness is 
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only apparent in adult E. robertsoni leaves and the 
reflectance results (on adult leaves) suggest that these 
may respond differently to E. fastigata and may not 
obtain light saturated photosynthesis till after 
SJ 
E. fastigatao In addition, a number of workers, eog., 
Kramer (1958), Bordeau (1954), have pointed out that the 
rates of photosynthesis of whole plants may be quite 
different to the rates of a few leaves, due to the effects 
of mutual leaf shading. Under normal conditions, 
Eo robertsoni generally has a deeper crown than E. fastigata 
(Pryor 1939), again suggesting E. fastigata might attain 
light saturation PHS before E. robertsoni. 
4.7 Conclusions 
(i) The spatial distribution in the light climate in 
shady sites occupied by both species is high, and there 
are many microsites under both species with high radiation 
intensities. 
(ii) The reflection from adult leaves of E. robertsoni is 
greater than that from E. fastigata. This is a positive 
adaption for growth on exposed habitats with a high 
incident radiation, but may be a disadvantage in shady 
sites. 
~i~ The response of seedlings of both species to low 
light intensities is variable but similar. E. robertsoni 
has the greater height growth at lower light intensities 
but is less robust than E. fastigatao The latter may be 
mar efficient in utilizing assimilates at low intensities. 
Summary 
CHAPTER 5 
THE WATER FACTOR 
The adaptation of a plant to dry areas involves 
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the ability to grow during moisture stress and to survive 
when these stresses are high. Field moisture patterns 
in the study area indicated a difference in the moisture 
regime under E. fastigata and E. robertsoni. It was 
suggested that this was primarily due to site factors 
rather than the occupant species. Glasshouse studies 
indicated the presence of a physiological difference 
between the two species; E.· fastigata was favoured when 
water was not limiting but was most affected by drought, 
while Eo robertsoni was dominant when both were subjected 
to drought treatmentso 
5.1 Introduction 
Field evidence suggests an association between the 
distribution of E. fastigata and sites having a favourable 
moisture status. In consequence, there may be a 
differential response to moisture stress between 
E. fastigata and Eo robertsoni and this is examined in 
this chapter. 
Th adaptation of a plant to dry areas, or xerophytism, 
embodies two facets, 
(i) Drought Resistance; the ability to survive 
under high moisture stress, 
(ii) the ability to grow and reproduce under 
drought conditions. 
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Levitt et. al.(1960) further subdivided Drought Resistance 
into a number of components grouped under Drought 
Avoidance and Drought Tolerance, and this classification 
is shown in Table 5.1. While a high Drought Resistance 
is a prerequisite for survival in areas where severe 
droughts are common, plants with lower resistances but 
able to grow better in moderate droughts may have an 
ecological advantage where severe droughts are rareo 
(a) Drought Avoidance 
In trees, Drought Avoidance involves both an 
absorbing and a water conserving ability. Within a 
favourable topographic position, the maintenance of an 
adequate moisture supply is primarily dependent on the 
depth and spread of the plant root system, and as water 
held in soil not penetrated by roots is relatively 
unavailable, species with the capacity to develop deep 
and strongly branching root systems are better able to 
utilize available water and postpone drought injury 
(Kozlowski 1964). 
root:shoot ratioso 
These species generally have high 
Parallels between the size of the root systems and 
tolerance of dry conditions have been ~emonstrated in 
corn varieties by Misra (1958), and for Eucalypt species 
by Zimmer and Grose (1958); and Slatyer (1956) concluded 
that the ability of grain sorphum to maintain a higher 
water status than cotton or peanuts during drought was 
due to its more extensive root system. Many other 
workers have found differences in the rates of water 
TABLE 5.1 DROUGHT RESISTANCE 
Drought Avoidance Drought Tolerance 
able to prevent a reduction 
in moisture content 
able to survive a reduction 
in moisture content 
Drought Escaping 
emphemerals, complete 
life cycle before 
xtreme drought 
Drought Evading · Drought Enduring 
able to obtain sufficient able to reduce water 
water during drought loss to a minimum 
Source: Levitt et. al. 1960. 
CJJ 
0\ 
uptake which they attributed to differences in the 
rooting habits of the different species e.g., Thames 
et. al. (1955), Lull and Oxley (1958), Patric et. al. -
(1965). 
The ability of a root to obtain water however; may 
be limited by the incregsed mechanical resistance of 
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the soil matrix on drying which hinders further ext~nsion 
(discussed further in Chapter 6). If root growth is 
limited, the lower moisture transmission characteristics 
of the drying soil immediately surrounding the root tip 
reduced the rate of water movement to ' the root and 
further limits water uptake (Gingrich and Russel 1957). 
As a soil drie$ , water becomes decreasingly 
available to plants (Stanhill 1957), and it is generally 
assumed that water uptake and plant growth ceases at the 
'permanent wilting point 1 , taken as the soil moisture 
content at 15 atmospheres tension. Slatyer (1957) 
pointed out however, that the P.WoP. of a plant is 
determined by its own osmotic characteristics rather 
than any characteristic of the soil, and these may vary 
considerably. 
Several experiments have shown that many plants do 
in fact have the ability to continue to absorb water and 
survive at tensions greater than 15 atmospheres (Waisel 
1959, Slatyer 1957) and Kozlowski 1964 quotes a 
variation of from 20 atmospheres for some mesophytes, up 
to 200 atmospheres for certain halophytes. This suggests 
that the 15 atmospheres moisture content should only be 
regarded as an approximate guide to the lower limit of 
water availability. 
1. 
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The water conserving abilities of a plant are 
largely associated with the rates of transpiration under 
various conditions, and losses from trees are often high. 
Koslowski (1964) quotes Russian results for Eucalypt 
transpiration losses of from 50 per cent to 120 per cent 
of the fresh leaf weight per hour at mid-day in summer. 
Transpiration is basically a passive process depending on 
an energy input to supply the latent heat demand; on 
the availability of water at the evaporating surface; arrl 
on the transfer of water vapour away from it. These 
factors can be grouped as either environmental or plant 
influences (Kramer and Koslowski 1960; Slatyer and 
Mcilroy 1961; Slatyer 1963)- and in studies of the 
comparative physiology of species occurring in similar 
habitats, it is the latter which assume primary 
importance. 
Of the plant factors, the most significant are 
those affecting stomatal conductance and the resistance 
of the outward diffusing stream of water vapour to flow 
away from the leaf (Kozlowski 1964)0 The ability of a 
plant to control transpiration is aided by morphological 
characteristics which help to modify the water and 
energy balance, but also requires an efficient stomatal 
apparatuso 
Morphological features which contribute most to 
improving the heat transfer surfaces of the plant (e.g., 
reduced surface pubescence, reduced leaf width) and henc e 
keep the leaf temperature close to ambient, also tend to 
enhance the vapour loss. In most cases however, other 
morphological or anatomical features (eog., sunken 
stomates) compensate for these (Slatyer 1964)0 The effe ct 
of increased leaf reflectivity on reducing heat loads 
has already been mentioned in an earlier chapter. 
While these morphological effects are continually 
operative, stomatal control becomes especially 
significant when soil moisture reserves become limiting. 
If roots are unable to maintain adequate moisture 
supplies, the internal water balance will be adversely 
affected by unrestricted transpiration losses. 
Kaul and Kramer (1965) studied transpiration rates 
of Ilex and Rhodendendron and concluded that the greater 
drought resistance of Ilex was due to its more efficient 
stomatal control of water loss and a higher resistance 
to cuticular transpiration. Jarvis and Jarvis (1963 a) 
measured transpiration rates of several species in 
relation to increasing stress. Transpiration in Pinus 
sylvestris was severely restricted by droughting and 
showed great sensitivity to stress conditions while 
Picea abies was unable to control water loss and continued 
to have a high transpiration level at high soil moisture 
tensionso These differences they concluded to be due 
to the effect of different external resistances to vapour 
flow from the leaf on the rate of development of the 
internal Diffusion Pressure Deficits (DoP.D.) and 
subsequently, the effect of this D.P.Do on stomatal 
closure and metabolism. 
The relationship between these species differed 
however when other physiological responses were measured, 
and it was evident that the nett ecological effect was 
th integrated result of a number of factors, including 
Drought Tolerance. 
I , 
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(b) Drought Tolerance 
In a further paper, Jarvis and Jarvis (1963 b) 
showed much of the ecological disadvantage associated with 
poor control over water loss in Picea was compensated for 
by a greater resistance to tissue desiccation, indicated 
by the Relative Turgidity - D.P~Do relationship. At a 
high DoP.D., Pie~ was able to maintain a greater Relative 
Turgidity than Pinus, and hence had a greater Drought 
Tolerance. Slatyer (1960) demonstrated a similar 
difference between Acacia aneura, privet and tomato. 
Variations occur in the moisture contents of plant 
tissues and it has been suggested that some of this may 
act as a buffer against water loss from protoplasm (Gaff 
and Carr 1961) and lead to further differences in Drought 
Tolerance (Reynolds 1965)0 Many of the investigators of 
Drought Tolerance have found however other measurements 
of vacuole and protoplasmic properties difficult and hard 
to interpret. 
Levitt (1965) concluded, in a summary of Drought 
Resistance measurements, that as yet a method of 
measuring total Drought Resistance had not been developed, 
and even when it was, this would not necessarily predict 
growth and yield under drought. Survival may be only a 
prerequisite for ecological success, and as much may 
depend on the effects of drought on the regeneration phase 
and subsequent growth. For example the effects of severe 
drought on flowering is complex but generally appears to 
have a detrimental effect (Kozlowski 1964), although it 
is interesting to note that Baker and Grose (1961) found 
a higher seed production in Eucalyptus delegatensis on 
the drier northern and north western aspects. 
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A reduction in growth in response to moisture stress 
may result from either (i) the direct effect of the 
internal DoPoDo, of which little is known, or (ii) the 
indirect effects of the internal DoP.Do in causing 
stomatal closure and restricting carbon dioxide and 
photosynthesis. The actual rate of growth reduction 
related to the degree to which water absorption lags 
behind water loss. 
is 
Most investigations of growth response to soil 
moisture tension have used periodic watering treatments 
which allowed the soil to dry out to a predetermined 
level before rewatering (Jar~is and Jarvis 1963 a, Jarvis 
1963, Sands and Rutter 1959). This method measures an 
integrated response to a number of wetting and drying 
cycles rather than growth at any given stresso Other 
workers have used osmotic substrates to measure growth 
at a constant tension (Slatyer 1961, Jarvis and Jarvis 
1963 c, Lagerwerff et. al. 1961). Differences have been 
found in the plant response to similar stresses in soils 
and osmotic solutions and these have been attributed to 
the moisture transmission characters of the soil (Gingrich 
and Russell 1957)0 
Such measurements do show the nett effect of soil 
moisture tension on growth and vigour and probably 
provide a good guide to the ecological success of a 
species in areas where droughts are infrequent. Even 
mild droughts however may prove a barrier to the 
establishment of species with a low Drought Resistance 
in the seedling stage, and where severe droughts are 
common, the ability of the plant to avoid or tolerate a 
severe internal water deficit may be the overriding 
factor limiting distribution. 
l 
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In summary, xerophytism has two components. One of 
these is the ability to accumulate photosynthate, to grow, 
to reproduce and germinate under a moisture stress. The 
other is the ability of the plant to resist the effects 
of high S.M.T. by avoiding internal water deficits, or 
tolerating these when they occur. Various plant 
adaptations enable some plants to maintain an adequate 
water supply (eog., efficient root systems), while others 
conserve water losses (e.g., by reduced transpiration) 
or tolerate tissue desiccationo Not all of these may be 
operative in any one plant, and as yet there is no single 
measure of absolute Drought Resistance. The relative 
importance of each of these components depends greatly on 
the microhabitat in which each plant grows. 
5.2 Objectives 
Field evidence suggests E. robertsoni is better 
adapted to drought then Eo fastigatao The monthly average 
rainfall in the study area is high (see Table 2.1), and 
extended droughts are not likely to be common. Thus the 
growth reaction to soil moisture tension is probably of 
more ecological importance than Drought Avoidance 
adaptations. 
Several exploratory studies were initiated with the 
following aims:-
lo To find the extent of the differences in the soil 
moisture regime under stands of both species in the 
field. 
2. To estimate the relative rates of water loss in 
both species. 
I , 
J. To measure the effect of water stress on the growth 
of both species. 
5.J Field Moisture Status 
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The extensive literature associated with the 
measurement of soil moisture regimes has been discussed 
by Aitcheson eto al. (1951 a, 1951 b), Lull and Rheinhart 
(1955), Marshall (1959), Slatyer and Mcilroy (1961). In 
view of the likely variation in soil moisture content and 
the greater ecological meaning attached to measurements 
of soil moisture tension, the soil moisture status was 
measured using the Bouyoucos gypsum block methodo This 
is adequately covered by the above workers and will be 
described only briefly belowo 
The blocks were soaked overnight in distilled water 
and grouped according to their resistance when saturated. 
All those outside a narrow range were discardedo Samples 
from this group were calibrated against tension in a 
pressure membrane apparatus according to the methods 
outlined by Aitcheson et. alo (1951) and Haise and Kelley 
(1946)0 
Field measurements were made at the six representative 
sites used for sampling the edaphic environment and 
described in Chapter 2. The more pertinent points are 
summarized in Table 5.2 below. Blocks were randomly 
located at each site, though where possible, mid-way 
between trees and no closer than about 20 feeto 
TABLE 5o2 FIELD MOISTURE SAMPLING SITES 
Site A B F B E D 
Species F F F R R R 
Aspect s SE N N NE SE 
W.,H.,C. 19o7 29.0 26.0 37.7 26.5 12.7 
Topographic upper mid- lower upper lower mid-
position slope slope slope slope slope slope 
(w.H.,C. = water holding capacity; moisture within the 
'available range' as a percentage, by volume, of soil to 
three feet). 
Four depths were measured at each site (6", 12", 2411 and 
36") except where soil depth or rockiness prevented this, 
(Site D has no 36" blocks and site F has JO" instead), 
and four replications were used., 
The method of block installation is illustrated in 
Figure 5.lo In this way it was hoped to provide an 
undisturbed soil profile above each block; and by 
looping the leads and tightly refilling the holes, to 
minimize direct drainage down the leads to each block~ 
Thermocouples were also installed at each site at 6 11 and 
24 11 and a temperature correction applied to the reading 
before conversion to pF units. 
Readings were commenced in March 1966 and carried 
out on a monthly basis until summer 1967 when the sites 
were visited at weekly intervals. Measurements ceased 
after the commencement of heavy rain in May 19670 
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Results 
After installation of the units, soil moisture 
tensions (SMT) remained low in all sites until early in 
1967, except for a few short drying cycles. During this 
time several blocks became faulty and had to be discarded. 
From early January 1967 until the end of May, an 
increasing SMT was apparent at all sites in spite of 
occasional storms; the development of field moisture 
stress during this period is shown in Figures S.2-S.So 
(a) Six inch depth~ Site C (Eo fastigata, heavy 
understorey) exhibited the most rapid initial increase 
in SMT~ As tensions increase-ct towards the latter part of 
the period, illustrated in Figure 5.2, it was closely 
paralleled by Site B (Eo robertsoni, upper slope, exposed 
aspect). The other E. fastigata sites (Sites A and F) had 
more gradual increases in SMT, and at the end of the 
drying phase (May 1967), had lower stress values than 
sites C and B, and the other two E. robertsoni sites (E 
and F). The two E. fastigata sites C and A, and to a 
lesser extent Site D (E. robertsoni, shallow soil, 
sheltered aspect) were easily rewetted by rain. 
(b) One foot depth: Drying curves were similar to those 
of the six inch horizon (Figure SoJ) with Site C again 
having the most rapid and largest final SMTo Site A 
(Eo fastigata, stony) had an unusually slow initial 
increase in SMT but eventually became similar to all 
other sites. 
(c) Two feet depth: Initial rates of change in SMT on 
the two E. fastigata sites C and F were more gradual than 
on other sites, and the SMT at the end of the drying 
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phase were not as great as those of any of the E. 
robertsoni sites (Figure 5.4). The other E. fastigata 
site (A, stony upper slope) was similar to the three 
Eo robertsoni sites although it showed a slightly 
greater ability to be rewetted by rain. The greatest 
SMT recorded occurred at Site B (E. robertsoni, exposed 
aspect, upper slope)o 
(d) Three feet depth: All sites showed a very gradual 
increase in SMT with timeo The E. fastigata sites C and 
F (where the lowest block was installed at JO in.) both 
reached only mild stress levels, while the drying pattern 
in site A (E. fastigata) was ~gain similar to those of 
the E. robertsoni areas. Site B again recorded the 
greatest SMT. 
The soil drying patterns further indicated that at 
the three feet (or JO in.) depth, no soil moisture 
replenishment occurred at any site after the rains during 
January and March of 1967. 
In summary, except in the surface soils where the 
E. fastigata Site C was generally very dry, and in the 
sub soils where the E. fastigata site A was comparable 
with most Eo robertsoni soils, the rate of increase and 
final level of SMT reached in E. fastigata soils was not 
as great as that reached in E. robertsoni areaso 
5.4 Transpiration Rates 
Transpiration rates were measured using the well 
known 1 potted plant weighing technique' (Franco and 
Magalhaes 1965). A number of plants were grown in five 
inch plastic pots filled with a frealy draining nursery 
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soil, in a heated (28°c) glasshouseo These were well 
watered and grown until the shoots were about 12cms high 
and the root systems had had time to fully occupy the pot. 
Five replicates of each species were chosen, having 
approximately similar total leaf areas. 
On the day before measurements were to commence, the 
plants were well watered. After draining overnight, the 
top of each pot was sealed with aluminium foil and the 
base with plastic sheeting to retain any further drainage 
within each weighing unit. The pots were subsequently 
weighed daily at 10.JO aom. with a Mettler Pl200 balance 
to O.Olgm. 
The experiment was repeated on plants growing in 32 
per cent light intensity. The shade screens were the 
same as those described in Chapter 4 and were arranged to 
allow full air circulation around the pots. 1 
At the cessation of measurements, the plants were 
harvested and leaf areas measured using an air flow 
planimeter. 
Results 
The mean daily transpiration rate over four days was 
calculated per unit leaf area for both species under both 
light intensities and is shown in Table 5.J below. 
Both species had identical transpiration rates at 
both light intensities. These rates were inhibited by 
shading. 
TABLE 5. 3 
Species 
E. fastigata 
E. robertsoni 
TRANSPIRATION RATES 
(mg, cm-2 ) 
Light intensity 
100% daylight 
+ 78.2 - 2.0 
76.9 :!: J.6 
32% daylight 
47.7 :!: 1.9 
45.5 + 2.7 
Measurements were continued beyond the four days 
period and similar rates could still be obtained on both 
species after a week. Within the limits of the likely 
change in the SMT in the pots during that period, it is 
suggested that there is probably not a large difference 
between the species in their ability to control water loss 
by a reduction in transpiration with increasing SMT. 
5.5 Moisture Stress and Growth 
Seed was planted out in January in five inch pots 
containing a standard nursery soil having good drainage 
ch~racteristicso Each pot was planted with four seedlings 
in order that full exploitation of the soil would occur 
more rapidly and the SMT would be relatively uniform 
throughout the poto A calibrated ~psum block was 
installed vertically in several pots of each treatment to 
follow moisture changes, and a layer of perlite spread 
over the surface to minimise evaporative water losses. 
Two moisture regimes were imposed) with eleven 
replicates for each species. In the 1 moist \ the plants 
were watered daily and a moisture level approaching field 
capacity was maintained for the duration of the 
experiment. The 'dry' treatment was originally scheduled 
as a series of drying cycles with the soils being allowed 
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to dry out to a SMT approaching 15 atmospheres, before 
rewetting. In fact, root occupancy of pots was slow and 
SMT measurements with the gypsum blocks in the early 
stages did not indicate the stress conditions applying 
to the plants. Because of this, rewetting was carried 
out when the first signs of wilting became evident. 
Inevitably, several cases of leaf death occurred and these 
plants were excluded from subsequent calculations. 
For the duration of the treatment, the plants were 
grown in an unheated glasshouse. After one month one 
seedling per pot was thinned and the remainder left until 
the conclusion of the experim~nt, 21 weeks later, when 
the two largest seedlings in each pot were harvested. 
Leaf areas were measured with an air planimeter and 
plants were oven dried at 80°Co, and components weighed. 
Results 
Under an adequate water supply, E. fastigata produced 
a larger shoot weight, height, leaf area and leaf area 
ratio (LAR) than E. robertsoni (Table 5.4). The root 
weights, leaf numbers and specific leaf areas were 
similar for both species, and E. robertsoni developed a 
greater root weight:shoot weight ratio. 
The largest changes in response to the droughting 
treatment occurred in E. fastigatao Thus while shoot 
weight and height were reduced by 50 per cent and 39 per 
cent respectively, the weight reduction in E. robertsoni 
was only JO per cent, and height growth was unaffected 
by droughting. Relative to E. fastigata, the decrease 
in growth of E. robertsoni when subjected to the high 
SMT treatment was not great. 
/, 
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TABLE 5. 4 WATER REGIME AND GROWTH 
(i) Shoot and Root Weight 
Shoot Wt. (mgo) Root Wt. (mg.) Root/Shoot (mg.) 
Treatment Fl R F R F R 
Wet 
Dry 
Diff. % 
Treatment 
Wet 
Dry 
Diffo % 
Treatment 
Wet 
Dry 
Diffo % 
-50 
603 
I 
__ 417 
-30 -37 
1 F = Eo fastigata 
4J8 
I 
302 
-31 
R = Eo robertsoni 
(ii) Height Growth 
+29 
Shoot (ems) Root (ems) Leaf Numb e r 
F R 
13ol 9.5 
tt 8.o - - -- 9.4 
-39 
F 
20o3 
18.1 
R 
22.3 
I 
18:.2 
18 
(iii) Leaf Area 
F R 
25.8 
-38 
2 2 2 Leaf Area (cm) L~A~R~(cm /gr) S~L.A4(cm / gr) 
F R F R F 
8208 44.8 4902 =:42o2 91.2 
i I 51.9 - 45.3 1021J 3 49.5- - -- 31.9 
-40 -29 +11 
Differences significant at P = 0.001 
P = 0.01 
P = 0.05 
R 
94.4 
100.0 
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Under the tdry' treatment the shoot height, root 
weight:shoot weight ratio and leaf number of E. robertsoni 
exceeded that of E. fastigata while root lengths, weights 
and SLA were similaro Even under the dry conditions 
however, Eo fastigata still had a larger leaf area, LAR 
and shoot weight than E. robertsoni. 
5.6 Discussion 
The rainfall records in Table 2.1 indicated 
precipitation was slightly below average in the early 
months of 1967, but the fact that the SMT continued to 
increase at depth despite storms in January and March 
suggests an annual stress period might be common in the 
area. 
Field moisture sampling indicated E. fastigata sites 
generally had lower stress values than E. robertsoni 
sites. The Eo fastigata site with the highest SMT in the 
subsoil (Site A) combined an unfavourable topographic 
position with a low water holding capacity soilo However, 
the porosity and stoniness appeared to provide for rapid 
infiltration, and considerable replenishment of moisture 
reserves occurred during the stress periodo As rainfall 
is distributed over all months of the year, physical 
factors enhancing the rapid incorporation to depth of 
even light summer rain could have considerable ecological 
importance in the area. 
The other E. fastigata site which reached high stress 
levels was Site C. The unfavourable SMT only occurred 
in the surface soils and was undoubtedly due to the very 
dense understorey of Pomaderris at this siteo In contrasti 
Cunninghan (1960) sampled SMT at one inch, three inch, 
and 18 inch depths in E. regnans forest and concluded 
that at these depths the understorey had a beneficial 
effect on soil moisture by shading the surface soils and 
reducing evaporation. In the present study, sites 
without a heavy understorey but exposed to an otherwise 
similar evaporative stress all had more gradual rates of 
increase in SMT than the heavy understorey site. This 
suggests that while an understorey may prevent moisture 
loss through evaporation outside a drought period1 with 
the adventof a prolonged drought, evapo-transpiration 
under a heavy understorey may lead to a much greater 
increase in SMT than would occur in open forest. 
102 
The transpiration data (Table 5.J) indicate both 
species have a similar rate of water loss under similar 
conditions, and it is suggested that differences in the 
patterns of change of SMT do not result from differences 
in vegetation but rather are a function of soil moisture 
storage, drainage to and from the site, and the radiation 
climate influencing evapotranspiration in each habitat. 
Habitats occupied by E. robertsoni combined either 
an adequate water storage capacity (Table 5.2) with high 
potential evapotranspirational levels and poor topographic 
position (eog., B, E) or favourable aspects and topography 
with low water storage capacities (e.g., D). In none of 
the E. robertsoni areas sampled, with the possible 
exception of D, were the unfavourable conditions of 
aspects or topography ameliorated, e.g., by higher stone 
contents leading to rapid infiltration of light summer 
rains. E. fastigata is evidently unable to occupy sites 
likely to be subjected to an extensive drought but 
1. 
appeared to be better adapted for growth in sites where 
the SMT was usually not great. 
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In none of the sites sampled however did the measured 
stress reach high levels for extensive periods, and the 
factors limiting distribution are most likely to be those 
associated with the relative growth of the two species 
under a moderate moisture stress. Although possibly 
having some greater significance at the seedling stage, 
adaptions to survival through Drought Resistance are 
likely to be of lesser significanceo 
Glasshouse experiments on the relation of growth to 
soil moisture are complicated by the impossibility of 
maintaining a constant stress condition and the difficulty 
in establishing uniform conditions within a pot. C~re 
must then be taken in interpreting the results from these 
experiments, firstly because any indication of the 
maximum stress level reached is an incomplete description 
of the soil moisture regime; and secondly because the 
effect of a given set of soil moisture conditions will be 
modified by the atmospheric conditions, especially those 
regulating transpiration rates (Sands and Rutter 1959). 
With these conditions in mind, the glasshouse 
experiment provides supporting evidence that E. fastigata 
is better adapted to habitats with a more favourable 
moisture status. In the fwet' treatmen~ Eo fastigata 
root and shoot development was greater and the higher 
leaf area and L.A~Re indicated a more efficient 
utilization of assimilates than in E. robertsonio 
conditions of competition in the field the growth 
advantage of Eo fastigata at low SMT may be offset 
Under 
' I 
I 
however by its having a lower root:shoot ratio than 
Eo robertsoni. 
Decre ases in growth in response to the 'dry' 
treatment were far more marked in E. fastigata than in 
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E. robertsonio Both the root:shoot ratio and the specific 
leaf area of E . fastigata increased suggesting that the 
treatment caused a change in the distribution of 
assimilates. In E. robertsoni the leaf area ratio, 
specific leaf area and root:shoot ratio were unaffected 
by the 1 dryt treatment, indicating that while there was 
also an overall reduction in growth, a similar 
redistribution had not occurred o 
It is evident that a significant physiological 
difference exists between the two species which may 
influence their competitive abilities at different growth 
stages and field conditionso This will be considered for 
both the seedling regeneration and subsequent growth 
phases. 
The average condition, in parts of the study area at 
leasti i~ one of an annual stress period of moderate 
severity. During the early months of the drying phase 
measured in 1967, tha rate of increase in the SMT at all 
sites was rapid and although both species have early and 
rapid tap root development, the root growth rates (Table 
J.4) and root:shoot ratio of E. · robertsoni suggest the 
seedlings of this species could have a competitive 
advantage in these conditionso The smaller trans piring 
surface of E. robertsoni could also reflect a more 
efficient adaptation to moderate stress levels in the 
regeneration phaseo 
105 
Once established, the competitive ability of seedlings 
of the two species again differs with differing moisture 
regimes. When water is not limiting, Eo fastigata is the 
more aggressive species and may have a comp~titive 
advantage sufficient to exclude E. robertsoni in the field. 
E. fastigata however is also more sensitive to an 
increasing SMT and the subsequent loss in vigour may lead 
to a reduction in this competitive ability. 
Whether this reduction is sufficient for E. robertsoni 
to replace Eo fastigata seems to be dependent on the 
extent and severity of the annual drought. In 1965, one 
of the most severe droughts r~corded in south eastern 
Australia was felt over most of the A.CoTo and Southern 
Highlands (Pook et al. 1966). Some deaths occurred in the 
dry sclerophyll communities (Cremer 1966) but there were 
no observable effects on either the species or 
distribution patterns in the study area. 
This suggests that it is the effect of the average 
moisture regime on growth rather than the occasional 
extreme on survival that influences the distribution of 
trees in these forest communities. 
The average SMT in most parts of the study area is 
unlikely to have a marked effect on the s urvival of 
deeply rooted trees of either species. · Pryor (1959) 
however considered a slight increase in the rainfall over 
a period would be sufficient to cause a large change in 
the distribution of E. viminalis in Victoria and it seems 
wholly conceivable that large changes in the distribution 
of Eo fastigata and Eo robertsoni could follow similar 
small changes in the annual rainfall pattern in the 
Brindabella Rangeso 
~ - - - - - - - - - - - - - - - - - - - - - - - - - -
I. 
5.7 Conclusions 
(i) The moisture regime in the field is modified by the 
water storage capacity, topography and aspect at 
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each site. Ea fastigata occurs either at sites where 
the SMT does not reach extreme levels, or at sites 
where the moisture regime is likely to be supplemented 
by drainage and rapid infiltration. 
(ii) In the glasshouse, E. fastigata grew more vigorously 
than E. robertsoni when water was non limitingo 
The growth of both species under conditions of 
moisture stress however suggested E. robertsoni 
may be better adapted to sites where extended 
moderate droughts are commono 
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CHAPTER 6 
THE PHYSICAL EDAPHIC ENVIRONMENT 
Summary 
An investigation was made of the apparent association 
observed in the field between the distribution of 
E. robertsoni and soils with poorer physical properties. 
Although both an E. fastigata and an E. robertsoni soil 
on comparable aspects offered a similar mechanical 
impedance when moist, the latter developed a greater 
soil strength on dryingo In a glasshouse study, the 
growth of both species was restricted by increased 
compaction and strength. It was suggested that the 
reduced vigour of both plants increased the competative 
advantage of E. robertsoni during droughtso 
6.1 Introduction 
Investigations of soil physical condition indicated 
E. robertsoni soils were generally of poorer structure 
than E. fastigata soils, having higher bulk densities, 
lower porosities, and poorer aggregation and consistence. 
This difference in the physical edaphic environment might 
influence plant growth and development in several ways, 
and in this chapter the ecological implications of an 
adverse soil environment are consideredo 
Soil structure is generally defined as the arrangement 
of particles and aggregates in the soil and has long been 
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recognised as a factor of great importance to plant growth. 
(Swanson and Jacobson 1956; Jamison and Domby 1956; 
Trouse and Humbert 1961). Little is known about structure 
formation in soil, although two distinct phases of the 
process may be recognised. The first of these, the 
development of interparticle bonds confers stability; 
the second, the separation of structural units from each 
other confers the size and shape characteristics of the 
individual units (Black 1957). Structure may affect 
plant development indirectly by influencing the soil 
water regime and soil aeration; or directly by mechanically 
impeding plant growth. 
Soil water: Most soil water characteristics are closely 
associated with the soil porosity and related to the 
pore size distributiono (Baver 1956)0 A soil with a 
large volume of capillary size pores may have a high 
field capacity but a soil with an equal volume of larger 
pores has a lower water content when drained at the same 
tension. The size distribution of the pores influences 
the rate of water movements into and through the soil, 
and may markedly affect the water regime at a site. 
Thus Carrodus and Specht (1965) found the 
distribution of Atriplex and Kochia in the arid areas of 
South Australia was correlated with the depth to which 
the soil was wetted by a normal rainfakl. The deep 
rooted Kochia grew at sites where soils were wetted to 
two feet or more, while Atriplex, a shallow rooted 
species, was found on sites with heavy clay subsoils 
impeding water penetration below one foot. 
/ , 
Aeration: Both aeration and gas diffusion rates are 
correlated with porosity. Most of the gaseous phase 
occurs as free air in those pores not occupied by water, 
and varies inversely with the moisture content of the 
soil. (Lutz and Chandler, 1946). Although low 
concentrations of oxygen and high concentrations of 
carbon dioxide may develop in poorly aerated soils, 
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the latter rarely reaches toxic levels in coarse textured 
growth media (Tackett and Pearson, 1964). 
Several workers have found positive correlations 
between plant growth and soil aeration (Flocker et. alo 
1959; Patt et. al. 1966). Optimum growth conditions 
occurred when the air space was J0-35 per cent but 
growth was sharply reduced at ten per cent air spaceo 
Rickman et. al. (1966) measured the growth of 
tomato plants in response to different gas diffusion 
rates and bulk densities. The top growth was positively 
correlated with the oxygen diffusion rate but not with 
the bulk density, while root growth was slowed by 
increasing bulk density and further reduced or stopped 
by low oxygen diffusion rates. However, the non limiting 
gas diffusion rate in the high bulk density soil had to 
be artifically maintained, and under field conditions, 
both root and shoot growth are probably influenced by 
the aeration conditions as well as the mechanical 
impedance associated with compact soils: 
Mechanical Impedance: Several workers (Veihmeyer and 
Hendrickson 1946, 1948) considered that certain critical 
bulk densities limited root penetration. Subsequently 
however, the restrictive effects of bulk density have 
been found to vary, particularly with the soil moisture 
content, and Weirsum (1957) suggested roots might be 
physically prevented from penetrating a soil due to 
the inability of the root tips to enter the poreso The 
pore rigidity was dependent on the soil depth and 
moisture content. 
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Phillips and Kirkham (1962) found the roots of corn 
seedlings, grown in clay filled tubes of various sizes, 
penetrated to similar depths, but in sand filled tubes 
of the same size range, the penetration was variable 
and correlated with the penetration of a penetrometero 
Evidently the clay aggregates could be deformed by the 
roots while the sand particles remained rigid, suggesting 
that roots under field conditions do not grow through 
the existing pore space but extend through the soil 
relat~ve to their ability to displace aggregates and 
create their own path through the media. 
Taylor and Gardner (1963) , investigating the effect 
of soil strength on root growth, found this to be 
related to both bulk density and moisture content. The 
strength (resistance to deformation) increased with 
increasing bulk density and drying until a maximum when 
the moisture content was reduced to 2-3 mono-molecular 
layers of water. The slower this process, the higher the 
final strength. (Gerard 1965)0 The strength was also 
influenced by cation concentrations in saturated soils, 
decreasing with an increasing monovalention concentration 
but increasing with an increasing di and trivalent ion 
concentration. In dry soils the reverse conditions 
applied. (Mathers et. al. 1960)0 There is general 
agreement that the contact area between particles is 
the primary factor controlling strength, and factors 
responsible for increasing compaction and the contact 
area are responsible for increasing soil strength 
(Mathers et. alo 1960 Potapov. 1966)0 
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To penetrate a soil mass, a root must exert a root 
growth pressure greater than the resistance of the soil 
through which it is growingg Taylor and Gardner (1963) 
considered root penetration to be limited by three 
classes of variables:- (i) those affecting root growth 
pressure, (ii) those affecting root anchorage, and (iii) 
those affecting the soil strength. 
Gill and Miller (1965) have emphasized that 
conditions affecting plant vigour will alter the root 
growth pressure of a plant. But where the root growth 
pressure and plant anchorage are adequate, penetration 
of the soil may still be affected by the soil strength, 
and hence this should be regarded as having 1 a general 
influence on root elongation rather than as a limiting 
condition encountered in unusual soils' (Barley et. al. 
1965). 
There is only a limited literature dealing with 
the ecological effects of adverse structure on the 
Australian vegetation. Webb (1956) considered rainforest 
only occurred on soils having a suitable range of 
available water and macroporosity, and feakle (1950) noted 
an increase in the compactness of subsoils in pockets of 
Eucalypt forest adjacent to rainforest in Queensland. 
Florence (1961) found a relationship between structure 
and vegetation and suggested a lack of adaption by 
E. pilularis to habitats where root penetration was 
I , 
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restricted by the nature of the rock-soil complex. 
Where an adverse soil condition developed, E. pilularis 
gradually phased out and was replaced by Eo- acmenioides. 
In summary then, the physical edaphic environment 
can influence growth indirectly by affecting the aeration 
or moisture conditions of the growth medium, or by 
directly affecting the resistance encountered by 
developing rootso These conditions may be inter-related 
e.g., an increase in moisture content may reduce soil 
strength and aeration. 
6.2 Objectives 
(i) to find the extent of differences in soil 
strength between the species habitats in 
the field. 
(ii) to investigam the effects of soil compaction 
on the growth of both species. 
6.J Field Soil Strength 
Soil strength is usually measured by a penetrometer. 
This instrument measures the force of penetration of a 
metal point into the soil, as a function of depth. A 
small penetrometer ('Soil Test' pocket penetrometer) 
calibrated against a spring resistance was tested in the 
field, but found to be unsatisfactory on gritty or stony 
soils as small rock fragments could cause a large increase 
in the effective surface area of the small probe tip. 
A larger instrument was constructed with a broader 
probe and this was found to be more satisfactory for 
field use 0 The instrument incorporated a hammer, which 
could be dropped from an adjustable height, and a probe 
tip slightly larger than the main shaft to reduce 
contact between this shaft and the soil. (Figure 6.la). 
Several types of probe tips were tested in the field 
but that finally used is shown in Figure 6olb. The soil 
strength was measured by recording the number of 'hits~ 
required to drive the probe into the soil a fixed 
distance, and although this did not allow strength to 
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be recorded in standard units, comparisons could be made 
between the soil strength at different sites. Two sites, 
each repre~entative of an E. fastigata and Eo robertsoni 
soil (on the basis of earlier structural measurements), 
were chosen on comparable aspectso At both, the soil 
profile was deep and stone free. The strength measurements 
were carried out over a series of large and small drying 
phases to find the relationship between soil strength aui 
moisture content at each habitat. 
made at one foot depth. 
Results 
All measurements were 
The regressions linking strength and moisture 
content at each site are markedly different (Figure 6.2)o 
At the Eo fastigata site, a decreasing moisture content 
causes a slight rise in the soil strength while a 
similar decrease at the Eo robertsoni site results in a 
very rapid strength increase. Thediffe~ences between 
the two sites was significant (P=Oo05) below a moisture 
content of 15.6 per cent. The E. fastigata site also 
has a low bulk density and clay content relative to the 
E. rob rtsoni site (Table 6.1). 
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TABLE 6.1 STRENGTH AND MOISTURE CONTENT 
Site Regression of strength (y) r Clay % B.D. 
and moisture (x) 
E. fastigata y = 21.2 .... o. JS X o.456 17.2 lo09 
E. robertsoni y = 72.56-2.76 X 0.941 Jl.6 l.4J 
Measurements at one foot depth. 
6.4 Soil Compaction and Growth 
A series of artificially compacted soils were used 
to approximate several of the adverse conditions 
associated with poor physical soil properties in the 
field. The bottonsof five inch plastic pots were covered 
with a layer of gravel to provide adequate drainage, 
filled with 590gm to 827gm (o.D.) of a sandy loan, and 
compacted by hand to give bulk densities of loOgm cm-J, 
l.2gm cm-J and l.4gm cm-Jo To minimize variations in 
the compaction within each pot, the air dried soil was 
added in about lOOgm quantities and evenly tamped down 
before the operation was repeated. At the higher bulk 
density, it was easier to get the required compaction 
by moistening the soil before tamping. Knowing the level 
to which the pot had to be filled for each bulk density, 
it was possible to judge whether the tamping given to 
the soil was adequate. After several preliminary 
compactions, it was generally possible to successfully 
estimate the tamping required and to prepare all the 
pots of one treatment without many errors. 
The compacted soil was covered with a half inch 
layer of coarse sand and six seedlings were pricked out 
into this. These plants were watered from below and 
thinned to three seedlings per pot when established. 
Six replications were used for each treatment. A 
number of plants subsequently extended horizontal roots 
to the sides of the pots and then grew vertically down 
between the pot wall and the soilo These plants were 
excluded from subsequent measurements. 
Just before harvesting, the pots were well watered 
and allowed to drain overnight. The soil strength was 
measured the next day with a pocket penetrometer. The 
plants were harvested, 17 weeks after planting and oven 
dried at 8o0 c. As uneven numbers of plants remained in 
each pot, the significance or the difference between 
treatment means was assessed using a jtt test. 
Results 
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The increasing bulk density resulted in a marked 
increase in soil strength. (Figure 6.Jj.) and also caused 
a considerable reduction in the growth of both species 
(Table 6.2). 
The shoot height growth of both species decreased 
with increasing soil compaction but was similar in each 
species at each compaction treatmento Differences 
between the shoot dry weights were not significantly 
different at the lowest bulk density; at the second 
compaction treatment, the shoot dry we~ght of E. robertsoni 
was significantly less than Eo fastigata. At the 
highest bulk density, both species had similar and low 
dry weights (Figure 6. J ii). 
The increasing bulk density and soil strength 
caused severe reductions in root length and dry weight, 
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(i) Bulk density l.Ogm -3 cm The roots of both species 
were spread evenly throughout the pot and tended to 
develop heavy root mats. These were composed of thicker 
primary roots arising from the base of the hypocotyl and 
smaller fibrous laterials branching out from the larger 
primary rootso 
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(ii) Bulk density l.2gm -3 cm : While E. robertsoni tended 
to extend rapidly throughout the soil volume, E. fastigata 
developed a more horizontal root system which subsequently 
expanded vertically. The fibrous mat of Eo fastigata was 
thicker than that of E. robertsoni. In both species, 
several of the deeper vertical roots were thick and 
white tipped at their extremitieso 
(iii) Bulk density l.4gm -3 cm r E. fastigata seedlings 
all had shallow, thickly matted horizontal root systems, 
each root having a large number of 'shortr roots. The 
root mat was limited in size and had few prominent laterals 
penetrating beyond the mat itself. E. robertsoni roots 
appeared less matted, had fewer 'short' roots than the 
Eo fastigata seedlings but developed further laterally. 
The root system was still generally shallow and had a 
number of thick white root tips. 
6.5 Discussion 
The most common explanations of poor growth in 
compacted soils are that aeration was poor (Gill and 
Miller, 1956) or that soil mechanical impedence prevented 
root growth (Barley, 1965). It is often difficult to 
dissociate the effects of the two, as both interact and 
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• may have similar effects on the plant (Weirsum, 1957) • 
In the glasshouse experiment, adequate drainage occurred 
between waterings and most of the growth reduction can 
probably be attributed to the increased soil strength 
associated with the increasing bulk density rather than 
poor aeration conditions. In the field, both factors 
may be operative although the steep slopes common over 
most of the study area probably increase drainage to the 
point where aeration is not a major limited factor. 
Measurements of soil strength at the two sites 
indicated a large difference between the soils as they 
dried out. Much of this difference may be associated 
with the difference in the clay contents (Gerard 1965). 
The average difference between the clay contents of 
E. fastigata and Ee robertsoni soils is not always as 
large as this however (Table 2.8), and the strength 
differences may not be as marked. Nevertheless, it is 
probable that during the annual drought, differences 
exist in the strength properties of the soils under the 
two species. 
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These differences follow the general trend discussed 
in Chapter 2 where E. robertsoni sites were invariably 
associated with soils having poorer physical properties. 
In view of this repitive and widespread association, the 
lack of large differences in the growth of the species on 
the experimentally compacted soils is surprising. 
The root growth of both plants was similarly 
affected by increases in bulk density and both appeared 
to be equally sensitive to small increases in soil 
strengtho Atkinson (1959) in New Zealand found the 
stunted growth of Pinua radiata in a poorly aerated soil 
was due to a phosphorous deficiency associated with the 
restricted root development on the poor soil, and the 
reduction in growth of Eo fastigata and E. robertsoni 
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may be related in a similar fashion to a poor physiological 
adaption to the restricted root system. The decreased 
plant vigour subsequently adversely affects the growth 
pressure that roots exerted on the resisting soil mass 
(Gill and Miller 1956). 
Of the differences in growth between the two species, 
the most significant ecologically was the maintenance of 
the very much larger root~shoot ratio of E. robertsoni 
relative to E. fastigata, with increasing soil compaction. 
The dry conditions, during which this difference is most 
likely to provide an advantage to E. robertsoni, are also 
the conditions likely to increase soil strength and limit 
further root growth. As the ability of the plant to 
maintain an adequate moist~re supply by further extending 
the root system may be thus limited, adaptations to growth 
under stress could be of greater consequence than normal 
on these soils. 
Although the general conclusions from this glasshouse 
experiment may be applicable to the field condition, it 
is obvious that the plants react differently to the same 
bulk density in the field. Thus while very severe growth 
inhibition occurred in the glasshouse trial treatment of 
4 -3 l. gm cm , the same bulk density in the field supported 
vigorous forest stands. There are two likely causes; 
firstly there is a significant structural difference 
b tween the generally well aggregated soils in the field 
and the structureless soil used in the glasshouse trial; 
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and secondly the higher bulk densities in the field only 
occur at depth. Plants encountering these would be well 
anchored in the overlying soil and able to exert a 
maximum root growth pressureo Though developing first in 
a sand topsoil, the glasshouse seedlings have not the 
same degree of anchorage. 
In the field, a poor physical edaphic environment 
reduces the volume of soil available for exploitation by 
roots and the effect that a given horizon of poor structure 
has on plant growth depends on the depth at which this 
horizon occurs. The influence of a poorer physical 
environment on the species distribution is not due to a 
greater sensitivity of E. fastigata to compacted soils 
but rather to the effect of these soils have in limiting 
root development and reducing plant vigour. In this less 
vigorous conditions, E. robertsoni appears to be better 
adapted for growth and development during drought 
conditions. 
6.6 Conclusions 
(i) The growth of both species was severely 
restricted in a glasshouse trial by 
increasing bulk density and soil strength. 
The major difference in the plant response 
was the maintenance of a much greater root: 
shoot ratio of E. robertsoni with increased 
soil compaction. 
(ii) E. robertsoni may not have a specific adaption 
to a poorer soil physical environment, but the 
effect of poorer physical conditions may be to 
reduce plant vigour and the ability of 
plants to maintain a moisture supply, 
thus increasing the competative advantage 
of E. robertsoni over E. fastigata. 
121 
I , 
1 22 
CHAPTER 7 
SOIL AND SPECIES INTERACTIONS 
Summary 
An investigation was made of the growth of the 
species in the soils of the area, alone and in competition. 
E. robertsoni was found to have a greater specificity to 
its own soil, was more vigorous than E. fastigata on both 
soils, and had a competative advantage under the 
conditions of the experimen-t. 
7.1 Introduction 
Analysis of soils from within the study area 
suggested the soil nutrient status was broadly uniform. 
Several of the understorey species however accumulated 
high concentrations of some cations in their foliage and 
litter, and differences in the abilities of the two 
major eucalypt species to compete for and utilize the 
resulting nutrient pools may be a factor responsible for 
community differentiation. In this Chapter, the 
interaction between the soils and the study species is 
examined. 
Within a climatic zone the distribution of vegetation 
is frequently directly related to the soil (Puri 1950; 
McMillan 1956; Moore 1959a; Biddiscombe 1963; Litac 
1965). Extreme examples of edaphic control of vegetation 
occur on limestone, dolomite and serpentine soils in 
which the occupying species show distinct physiological 
adaptations to the nutrient status peculiar to the 
particular soil (Daubenmire, 1947). Edaphic races are 
not common except in widespread species (McMillan, 1956) 
but it has been suggested that some soils may support an 
edaphic biotype within a climatic ecotype (Billings, 
1957). 
123 
Sometimes specific soil properties are known to be 
associated with particular communities. Beadle (1954, 
1962) considered a relationship existed between the level 
of phosphorous and the vegetation at the sub formation 
level ioe., rainforest, wet sclerophyll forest etco, and 
Moore (1959a, 1961) found eyidence suggesting the calcium 
status of the soil could affect the distribution of 
eucalypt species within a sub formation. He pointed out 
however, that correlations between the total cation level 
and vegetation were unlikely to be of any real significance 
and that a demonstration of such an association need not 
imply a causal relationship. 
In a study of the distribution of several eucalypts 
on siliceous and calcareous sands, Parsons and Specht 
(1967) found Eo baxteri was physiologically restricted to 
siliceous sandso When grown on calcareous soils it 
suffered severe chlorosis. E. diversifolia however was 
able to grow equally well on both soil types, and they 
concluded thatin addition to the adaption of a species 
to a narrow edaphic condition (e.g., Eo baxteri on 
siliceous sands), some plants may be able to attain a 
wide edaphic range by a wide physiological tolerance 
(e.g., E. diversifolia on both siliceous and calcareous 
sands). 
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The effect of the soil nutrient status on vegetation 
is due in part to the effect on plant vigour, but it is 
also greatly dependent on the nature of the competitive 
effects of all the other plants in the community. Thus 
a distinction can be drawn between the physiological and 
ecological tolerance of a plant to a given nutrient level 
(Moore, 1959b). 
Several pot trial studies have been made o f the 
effects of interspecific competition between eucalypts 
growing in mixtures. Moore (1959b) found that when Eo rossi 
and ~melliodora were grown alone there was no response 
to their respective soils. In mixture however, there was 
a significant differential response, 1 each species in a 
relative sense growing best on its own soil'. This, he 
considered, demonstrated the existence of a strong 
species-soil interaction and accounted for the exclusion 
of one species from the soil of another in the field. 
McColl (1965) in a similar experiment found an 
anomalous situation in which E. gummifera, occurring in 
the field only on poorer sites, was able to grow more 
vigorously than E. macula~ when in mixture on both their 
soilso In this case, competition and the species-soil 
interaction were evidently outweighed by some other factor 
as direct effects on distribution patterns. In their 
work on the calcareous and siliceous sand vegetation, 
Parsons and Specht (1967) also included an investigation 
of the interspecific competitive element but found it to 
be absent. Although both Eo baxteri and Eo diversifolia 
grew on the siliceous soil, E. baxteri achieved dominance 
over most of the area because of its more vigorous growth 
when water was not limiting. 
• 
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In addition to the competitive effects exerted by 
species mixtures, Pryor (1959) has suggested that many of 
the eucalypt species occurring in mixture derive some 
mutual benefit from such mix-tures. Frequently repeated 
specied mixtures 'indicate an ecological pattern which 
results because there is a biological benefit to the 
partners to it by some form of mutual benefit ••• which 
favours their growth mixed in this way instead of in 
separate mixed stands'. This suggestion however has yet 
to be experimentally verified. 
In summary then, many cases probably exist of 
physiological adaptation to restricted edaphic 
environments. Many of the apparent associations between 
species and soils however are not causal and tests similar 
to that used by Moore (1959b) are necessary to evaluate 
such associations. 
Objectives 
(i) To test the effects of the different soils 
found in the study area on the growth of 
both specieso 
(ii) To investigate the presence of a species-
soil interaction. 
7.3 Reciprocal Planting 
Soils were obtained from under well developed 
stands of E. fastigata and E. robertsoni. A number of 
samples from the 0-6 inch layer were collected from within 
an area two chains squar~ well mixed>and placed in four 
inch plastic pots. 
I , 
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Cotyledonary seedlings of E. fasti~ata and 
E. robertsoni were pricked out onto the surface of each 
pot in two separate trials; one in which each species 
was grown alone in each soil, the other in which both 
species were grown together in both soils. The seedlings 
were raised in an unheated glasshouse until all plants 
were well established and were then thinned down to one 
seedling of each species per poto 
Water was added as required so that it was at no 
time limiting. There were eleven replications in a 
randomized block design. 
Plants were harvested in July, 15 weeks after 
planting, measured and oven dried at So0 c. 
Results 
(a) eti Growth in absence of comp~tion 
There was a significant difference in the height 
growth of the two species when grown on different soils, 
but not in shoot weight production or root length (Table 
7.1a) Eo fastigata produced the same height growth on 
both soils. E. robertsoni grew taller than E. fastigata 
on both soils but was best on the E. robertsoni soil, 
indicating a positive interaction between the species and 
the soil. 
The root length: shoot length ratio of Eo fastigata 
was greater than that of Eo robertsonio Other differences 
between species were of minor significance. 
~ 
f\BLI 7.1 SOIL NUTRITION AND INTERSPECIFIC COMPETITION 
(a) Reciprocal Plantings 
Shoot(cms) Root(cms) Root/shoot(cms) Shoot(mg) Root(mg) Species F soil R soil F soil R soil F soil R soil F soil R.soil F soil R.soil 
F 
R 
LSD 
3.98 
5.15 
0.84 
3.81 
6.24 
18.22 16.42 
15.92 16.06 
NS 
5.02 
3.31 
1.06 
4.50 265 
2.58 214 
NS 
253 
254 
(b) Interspecific Competition 
F 
R 
LSD 
2.59 
' 4.34 
0 . 88 
2.42 
5.44 
15.35 15.20 
14.90 14.68 
NS 
6.87 
3.74 
2. 12 
6.70 
2.74 
141 
177 
45 
105 
180 
NS= differences not significant 
LSD at P = 0 . 05 
165 
11 3 
89 
91 
J 5 
NS 
146 
146 
69 
96 
Root/Shoot(mg) 
F soil R soil 
0.63 
0.55 
0.65 
0.52 
NS 
o. 16 
0.59 
o. 57 
0.66 
0.55 
Leaf area (cm-c) 
F soil R soil 
2. 19 
1.73 
1 • 10 
1 • 56 
0.42 
0.45 
2.23 
2 .07 
0.89 
1.48 
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(b) Growth under Interspecific competition 
A similar pattern of height growth occurred; 
E. robertsoni grew better than E. fastigata on both soils 
and best on the E. robertsoni soil. Eo fastigata was 
unaffected by the soil type. However, the lack of 
significant interactions between the soil type and other 
growth parameters measured suggested that the overall 
effect of the soil on the growth of both plants whether 
grown alone or in competition, was not great (Table 7.lb)o 
The growth advantage of E. robertsoni over 
~fastigata was strengthened by a significantly greater 
shoot weight production on both soilso When grown in tlE 
absenc_e of competition, the shoot weights were similar .. 
The competative advantage of Eo robertsoni was emphasised 
by larger leaf areas on both soils. The root:shoot ratio 
for both dry weights and lengths were greater in 
E. fastigata. 
7.4 Discussion 
The results indicate a difference exists between 
the two species with respect to their reaction to the 
soils tested. E. fastigata developed equally well on 
both soils, whether grown alone or in competition. 
E. robertsoni on the other hand exhibited an interaction 
with the soil type, most growth occur~ing when the 
seedlings were grown on their own soilo The difference 
in growth of plants on the two soils was restricted to 
shoot height growth although the interaction could have 
become more strongly developed with time. The reaction 
then was not nearly as well developed as that reported 
J 
by Moore (1959b) and to this extent, its ecological 
significance is not clearo 
More significant however, was the virorous early 
growth of E. robertsoni relative to Eo fastigata. When 
grown alone, the dominance of Eo robertsoni occurred 
mainly in the form of a more rapid increase in shoot 
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heighto Under competition however, both the shoot weight 
and leaf area exceeded that of Eo fastigata. This early 
dominance by E. robertsoni might be expected to increase 
further as the plants developed and competition between 
the shoots as well as the roots occurred. 
A comparison can be made between the growth of plants 
in their native soils and growth in the nursery soil used 
in other experiments. In most other trials, E. fastigata 
was as vigorous (Table 4.2, adequate water) or more 
vigorous (Table 5o4, luxury watering) than E. rob e rtsonio 
The reduced vigor of E. fastigata found in these trials 
suggests that when grown in soils from these forests, 
E. fastigata undergoes some form of inhibition relative 
to E. robertsonio Florence (1961) reported a similar 
inhibition in E. pilularis when grown in its own soil. 
This was attributed to the development of a specialized 
microorganism complex capable of a rapid incorporation of 
litter but directly antagonistic to plant growth. The 
seedlings were also adversely affected by litter extracts 
from under stands of other species. In a similar study, 
Ashton (1962) found that the growth of E. reggans seedlings 
was reduced by rinhibitory substances' from near the root 
systems of older trees and by leachates from the litter. 
Ellis (1964) also found a decline in the health of 
a mature Eo delegatensis forest in Tasmania. This he 
,, 
I 
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suggested might be due to a 1 radical alteration in the 
nutrient regime of the soil which may be associated with 
marked changes in the forest microclimate and composition 
of the forest litter~. Whether a direct form of inhibition, 
or a radical alteration of the nutrient regime, such as 
described by Ellis has occurred in E. fastigata and its 
soils is uncertain, and further work appears necessary 
to confirm this. 
The two most obvious conclusions that can be reached 
from these results are that both Eo fastigata and 
E. robertsoni are unlikely to be influenced in their early 
field distribution patterns _ by variations in the surface 
soil and that E. fastigata is like ly to suffer in 
competition on both soils from the more vigorous growth 
of E. robertsoni. In extrapolating from this study to 
the field however several important provisos should be 
notedo Firstly, only soil from the A horizon was used in 
the pots, and a quite different nutrient regime may occur 
in the sub soilso Secondly, with depth, large and 
significant variations occur in the physical edaphic 
environment (Chapter 2) which might have even more 
significant effects on seedling growth; and thirdly, 
factors which may ameliorate an adverse soil condition 
in the E. fastigata stand e.g., fire, may reverse the 
apparent disadvantage for Eo fastigata in its own soilo 
The problem might be better approached by growing plants 
directly in the fieldo This was done in an earlier 
experiment, and seven months after establishment the 
differences between species were not significant although 
there was a trend favouring E. robertsoni on most soils 
(Table J.J). Ideally however, such a field experiment 
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should be continued over a longer period and also include 
a number of soil treatments, such as fires, severe soil 
disturbance, various fertilizer additions etc. 
7.5 Conclusions 
(i) Under the conditions of the experiment the 
growth of Eo fastigata was independent of the 
soil type, but may have been inhibited by 
some soil condition associated with natural 
forest soil. E. robertsoni had a degree of 
specificity for its own soilo 
(ii) In a pot trial, Eo - robertsoni had a competative 
advantage on both soils when grown in 
competition with E. fastigata. 
..... 
,, 
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CHAPTER 8 
GENERAL DISCUSSION AND CONCLUSIONS 
Several approaches to the analysis of factors 
influencing plant growth and distribution have been 
suggested in the past; these include (a) field 
correlations and (b) comparative experiments (Grime 1965). 
Field calibrations compare the variation in plant vigour 
and density at a selected time with the amplitude or 
scale of environmental variation. It is difficult to 
establish causal relationships from these data and 
' mechanisms are not explainedo Waring and Major (1964) 
used an 'operational 1 approach which appears to 
correspond with this method in many respects, but it 
only measured that part of the environment likely to b e 
physiologically meaningful to the plant and linked this 
with the vegetational gradient. 
A factor superimposed on direct relationships 
between species distribution and environment is the 
competition between individuals under varying 
environmental conditionso Billings (1957) considered 
survival under competition to depend on a plant possessing 
some 'key trait 1 which enabled success, and Clifford 
(1953) noted the difference between the actual 
environment and potential environment of several species 
and concluded that this was probably due to competition 
between species having different physiological optima. 
Harper, (1961) used instead of competition, the term 
d 
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1 interference' and defined this as the short or long term 
hardship suffered by the proximity of neighbours. He 
considered the ultimately successful species to be one 
with the capacity to escape interference from more 
vigorous neighbours. 
The alternative approach to an analysis of factors 
influencing distribution is the comparative experiment 
where the reactions of plants from different habitats 
are tested under similar environmental conditionso The 
relative response of two species to particular levels 
of various environmental factors can indicate which is 
best adapted to this condition in the field. This 
approach may also unearth rsusceptabilitiesm, defined by 
Grime (1965) as plant characteristics which, under the 
conditions of the experiment, lead to comparatively low 
survival, yield, or reproduction, and hence indicate 
sensitive areas of species tolerance. 
Most of these experiments are carried out using 
seedling material, and it is perhaps pertinent to 
question the extent to which these results may be extra-
polated to explain field conditions. With time the 
tolerance of an individual plant to the environment, and 
the environment itself, vary. But while it may be 
difficult to interpret glasshouse results obtained on 
the seedlings of a single species (Evans 1962), knowledge 
of the relative physiology of the seealings of several 
species may provide a guide to distribution patterns. 
Jarvis (1963) considered that 'seedling establishment is 
one of the most sensitive - stages in the life cycle of a 
plant. Competition for light, for nutrients, and for 
water may be intense, and small physiological differences 
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in sensitivity between seedlings may play an important 
role in determining the distribution of the mature plant'. 
Both approaches were combined in this study. The 
preliminary field investigation suggested several factors 
of the environment most effective in influencing 
distribution patterns and provided a guide to the 
subsequent comparative glasshouse trials. 
In some glasshouse studies the species were very 
similar in their reaction to particular environmental 
conditions but trends were apparent. It is difficult to 
determine the extent to which small physiological 
differences observed in the - glasshouse may affect the 
relative competitive ability of the two species under 
different field environments. However in this study, the 
correlation between species distribution and sqil 
moisture status in the field would be that expected from 
the physiological differences observed in the glasshouse 7 
suggesting the glasshouse trials do at least provide a 
guide. 
In the field, both E. fastigata and Eo robertsoni 
generally occupied distinct microhabitats and evidently 
the physiological differences between the species are 
sufficient to maintain this separation over most of the 
areao In several locations however, species mixtures 
occur indicating the differences between the habitats is 
not large and the distribution of both is probably very 
sensitive to only small changes in the environment. 
From the study of the cotyledonary and seedling 
outplantings, both species appeared to be equally 
susceptible to the severe microclimate in the area~ For 
a seedling to have a chance of survival it must become 
firmly established in the brief period between early 
spring and summer. The species likely to subsequently 
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occupy the site seems to depend primarily on the moisture 
conditions prevailing in the several months following 
the establishment phase. If the moisture regime is 
adequate for vigorous growth, E. fastigata may have the 
competitive advantage, although the surface soil 
condition is also a factor influencing its early growth. 
In both experiments in which neither the soil moisture 
nor light were limiting for growth (Table 4.2, 5.4), 
Eo fastigata was more vigorous than Eo robertsoni. The 
difference was greatest when water was applied in luxury 
amounts (Table 5o4)o Through changes in its root:shoot 
ratio, E. fastigata may ·have a certain plasticity allowing 
it to adapt to drier conditions when the increase in 
soil moisture tension is gradualo In 1967 however, the 
onset of drought was very rapid, and in such years the 
competitive relationships between the species may be 
altered; E. robertsoni is not as dependent as E. fastigata 
on the maintenance of moist soil conditions for 
vigorous growth (Table 5.4). 
Prolonged droughts may be uncommon, but several 
environmental factors can cause reductions in seedling 
growth, such that even mild droughts may influence 
distribution patterns. For example, -0n southerly aspects 
the ED robertsoni community may be sometimes associated 
with apparently moist habitats. In such cases, however, 
soil structure may be poorer than in soils normally 
supporting E. fastigata. The pot experiment testing the 
effects of soil compaction on the growth of the two 
seedlings was not conclusive but did not indicate a 
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differential ability to develop on compacted soils. The 
growth of both was markedly restricted at the higher bulk 
densities. It was suggested however, that the restricted 
root development limited the ability of both species to 
maintain adequate water supplies, and under these 
conditions, E. robertsoni would be better(adapted for) 
adapted for vigorous growth. 
The severity of the moisture stress developing in 
a plant is dependent on the extent to which water uptake 
lags behind transpiration. On northern aspects when 
soil moisture tension is not high, transpiration may be 
rapid and the lag sufficient to cause significant 
reductions in the vigour of the more sensitive E. fastigata 
seedlingso The greater tolerance of E. robertsoni to 
moisture stress could be partially responsible for the 
dominance of this species on these slopes in the fieldo 
The effect of lower radiation levels is less clear. 
While both species were broadly similar in their 
reaction to shading, E. robertsoni tended to be taller, 
though less robust than E. fastigata, and the latter was 
more efficient in the utilization of assimilates at lower 
light intensitieso . The spatial variation of the light 
climate within the forest however was large, and except 
for small areas covered by dense stands of Pomaderris, 
there were probably few sites having very low radiation 
levels. The direct effects then, of 1ow light intensities, 
appear likely to be of only secondary importance in 
determining distribution patternso 
Indirectly, the restricted root growth of both 
species under shade makes each more susceptible to 
drought death. On sheltered aspects where shaded habitats 
j 
are more common, the understorey and established trees 
provide severe root competition, and for the developing 
seedling, competition for moisture is likely to be an 
earlier limiting factor than the low radiation level. 
The foregoing physiological differences between the 
species, although slight, are probably sufficient to 
establish the initial distribution patterns of both 
species. Most are dependent on the nature of the 
moisture regime immediately following establishment, and 
some modifications to the pattern may follow in the post 
seedling stage especially during a period when seasonal 
conditions fluctuate markedlyo 
With time, the more mature plants are able to avoid 
many of the selective environmental factors responsible 
for species delineation during the seedling growth stage 
and some of the physiological differences between the 
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species may changeo The significance of the physiological 
differences between seedling material may also be 
altered by the structural development of the tree; thus 
the changes occurring in leaf arrangement may alter light 
interception and transpiration rates. 
There were several differences between adults of 
the species however, which seemed capable of modifying 
the initial distribution pattern. One of the most 
striking of these was the greater leaf reflectance from 
E. robertsoni than from E. fastigata. This appears to 
be a common adaptation to high radiation environments 
(Barher and Jackson 1957) and must provide Eo robertsoni 
with an advantage over Eo fastigata on exposed northerly 
aspects, especially during the summer monthso 
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There was also some evidence that the adult 
Eo fastigata was better adapted than Eo robertsoni to 
moisture habitats. Field moisture sampling suggested an 
association, irrespective of aspect, between Eo fastigata 
and sites with a small soil moisture tension at depth, 
or those easily re-wetted by light, summer rainfallo 
E. fastigata was evidently able to retain its advantage 
in vigour over Eo robertsoni in a generally more favourable 
moisture regime. 
A different situation occurred in the Mt Lofty 
Ranges in South Australia where E. obliqua developed on 
the 1 mesic' sites, but because of its higher 
evapotranspiration underwent a more severe summer drought 
stress than the associations on the more txeric sites 
(Martin and Specht, 1962). In this situation, the 
greater vigour of Eo obliqua was presumably sufficient to 
maintain its site occupancy, in spite of the summer 
drought. 
From investigations of the field environment and 
from physiological studies in the glasshouse it is 
believed that the pattern of distribution of E. robertsoni 
and Eo fastigata can be satisfactorily explained in terms 
of the variation in the edaphic and aerial environment. 
In the past, fires have periodically burnt through these 
forests removing litter accumulations, altering 
-
understories and temporarily influencing soil conditionso 
In consequence, fire may have some role in influencing 
speci s distribution patterns, but it is not believed 
this is the major ecological factor involved. 
As this study has been essentially exploratory in 
nature, an evaluation of the significance of a number of 
factors has been left incomplete or unanswered. A 
con.~ iderable amount of work remains to determine causes 
for the greater growth sensitivity of E. fastigata to 
water stress; perhaps by investigating rates of water 
loss and the resistance of tissues to dessication when 
the soil moisture tension is large. The nature and 
permanency of the apparent inhibitory effect of some 
soils on E. fastigata (Chapter 7) and the influence of 
understorey species, may also be more significant than 
is evident at present. 
Although several of the primary contributing 
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factors have been suggested, a more complete understanding 
of the species-environment relationship will only come 
after a much fuller appraisal of all these agencieso 
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SUMMARY OF CONCLUSIONS 
1. The topography has a major effect on the vegetation 
patterns in the area by influencing the redistribution 
of rainfall re.ceived and modifying the radiation climate. 
This has lead to a considerable microhabitat 
diversificationo 
2. Both species are found on all aspects, although 
E. fastigata has a more limited distribution than E. 
robertsoni and develops best on sheltered sites. Most 
successful regeneration probably occurs in the brief 
period between late spring and early summer, thus avoiding 
the climatic extremes of summer and winter. Each species 
appears capable of regeneration at all habitats, although 
there is some evidence that E. fastigata may suffer an 
early form of growth inhibition, relative to Eo robertsoni. 
J. The soil water regime appears to be the single most 
critical limiting factor for seedling regeneration. 
Rainfall on the average is equally distributed during all 
months of the year, but a summer drought is probably not 
uncommon in many areas. Field moisture measurements 
suggested Eo fastigata occupies sites having more 
favourable moisture conditions. This was supported by 
evidence from a comparative glasshouse experiment; 
E. fast,is:ata seedlings were more vigorous than Eo 
robertsoni when both were given luxury applications of 
water, but Eo fastigata was also more sensitive than 
E. robertsoni to moisture stress and lost this advantage 
during droughting. Many Eo robertsoni seedlings also had 
a gre ater initial rate of root penetration, enabling a 
more rapid site occupancy than Eg fastigata. 
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4. Eo robertsoni is better adapted to high radiation 
levels on exposed aspects than E. fastigata, because of 
a higher reflectance from adult leaves. Seedlings of 
both species developed similarly in lower radiation 
climates although E. robertsoni tended to be taller and 
E. fastigata more efficient at the lower intensitieso 
These differences may not be ecologically very 
significant as the spatial variation in the light climate 
is high. 
5. In the field E. robertsoni is associated with 
edaphic habitats having poor physical characteristicso 
Both species reacted similarly to compaction in a 
comparative glasshouse trial, but it seems probable that 
the loss of vigour affects E. fastigata more adversely 
than E. robertsoni. 
APPENDIX 1 
ANALYSIS OF STAND COMPOSITION 
The 'random pairs' method of stand analysis (Cottam 
and Curtis, 1947), enables a rapid assessment of stand 
composition, and by measuring the diameters and spacing 
of randomly selected pairs of trees, provides information 
on frequency, density, and dominance of individual 
species. 
At one chain intervals along a compass line, sample 
trees nearest the point were selected and the diameter 
of each and the distance from their nearest neighbour 
outside an arc of 180° from the point measured. Only 
trees with diameters larger than nine inch dbh were 
recorded. At each point on the strip line, the presence 
of any understorey species within a circular plot of 
four feet radius was noted. 
The index of the contribution of each species to 
the stand used was the Importance Value (Lindsay, 1956). 
For a Species A in a stand, this was calculated from:-
Importance Value 
where 
(A) 
B 
= (B + D + F) 100 
3 
Basal area of A 
= ---Total stand basal area 
No. stems of A> 9 ino dbh 
D = Total Nao stems> 9 ino dbh 
F = No. points at which A oc~rred 
Total Nao species occurrence 
pointso 
The total Importance Value for all species in the 
stands is 1000 
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The understorey species were classified according 
to their presence or absence in the circular plots. 
(a) Occurring in 75% or more of plots. 
(b) Occurring in 50-75% of plotso 
(c) Occurring in 25-50% of plots. 
(d) Occurring in <25% of plots but only included 
when more than one occurrence was recorded. 
APPENDIX 2 
NUTRIENT LEVELS IN UNDERSTOREY SPECIES 
The foliar nutrient levels found in some of the 
understorey species occurring in the area are grouped 
below and indicate the differential ability of several 
species to accumulate high levels of certain cations in 
their leaves. The data have been drawn from (a) Meakins 
(1967) and (b) supplemented to include several other 
species prominent in the area. The analysis of the 
latter was carried out using the same technique outlined 
by Meakinso 
Total analysis Pop.m. 
Species N% p K Ca Mg Source 
Pomaderris 2.25 1307 1054 10550 2726 ( a) 
Cassinea 2o00 1532 2212 7388 1766 (b) 
Bedfordia 1.80 2093 651 8324 1848 (a) 
Pteridium 1.09 1061 10910 4210 3119 (b) 
Acacia dealbata 2o40 861 1186 2500 1926 ( a) 
A. melanoxylon 2.80 2076 893 3685 1548 ( a) 
A. rubida 1.74 584 4823 6106 1690 (b) 
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APPENDIX J 
BULK DENSITY MEASUREMENT - rsAND METHOD' 
Several workers have discussed alternatives to the 
usual core method of determining bulk density when the 
soil stone content is high (Shipp and Mateloki, 1964; 
Beckett, 1928). These alternatives generally measured 
the volume of soil excavated by replacing it with another 
material of known volume. The bulk density was calculated 
by dividing the weight of soil material removed by the 
volume of the substitute material required to replace it. 
Substitute materials have included plaster, high 
viscosity fluids, and water (used after sealing the bole 
with a plastic film). McClintock (1959) suggested the 
use of sand of known volume-weight and this was adopted 
in this study. 
At stony sites in the field, the soil material was 
removed forming a hole about three inches wide and two 
inches deep. Half of this was filled with a fine dry 
sand and the sand stirred about JO times. The hole was 
then filled to the level of the original soil surface 
and the stirring repeated. Without this standardized 
method of filling, variations can occur in the volume-
weight relationship. The bulk density was then calculated 
from the oven dry weight of the soil material removed 
and the volume of sand used. 
Bulk densities derived from 'sand method' closely 
approximate those using the standard 100 cco core 
(Appendix Ja). 
Soil Material uncorrected for stone: 
y = 00169 + o.s29x 
r = 0.973 
y - B~Ds Sand Method 
X = B ~ Core Method 
Soil Material corrected for stone: 
y = 00002 + Oo90J X 
r = 0.950 
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APPENDIX 4 
FIELD BULK DENSITY (gm/cc) 
(a) Uncorrected for stone content. 
Site A C F B E D T 
Surface Oo97 0.59 loOJ 1.16 1.10 lo06 0.90 
1ft 1.39 1.15 1.27 la21 1.30 1.02 1.43 
2ft 1.56 1.37 1.43 ·1.41 1.53 1.21 lo40 
3ft 1.46 1.25 1.,43 1.46 1.52 1.65 
(b) Corrected for stone content. 
Site A C F B E D T 
Surface 0.77 0.,51 0.78 1.06 1.01 0()95 0.90 
1ft 1.05 1.09 1.11 1()19 1.21 lo02 1.39 
2ft 0.98 1.27 lo25 1.33 1.45 1.21 loJ5 
3ft 1.25 lo22 1 0 26 1.39 1.32 1.45 
Mean of 3 samples. 
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